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FOREWORD 

This report is one of a series of related papers covering various 

aspects of a broad program to investigate the flow-field variables 

associated with hypersonic-velocity projectiles in free flight under 

controlled environmental conditions.    The experimental research is 

being conducted in the Flight Physics Range of GM Defense Research 

Laboratories,  General Motors Corporation, and is supported by the 

Advanced Research Projects Agency under Contract No. DA-01-0ZI- 

AMC-11359(Z).    It is intended that this series of reports, when 

completed, will provide a background of knowledge of the phenomena 

involved in the basic study and thus aid in a better understanding of 

the data obtained in the investigation. 



ABSTRACT 

A Fortran IV computer program for calculating nonequilibrlum 

streamtube flows has been developed. Inviecid ga» properties can be 

obtained for quasi-one-dimensional flows following varying condition« 

of pressure, density, velocity, or cross-sectional area arbitrarily 

specified in the streamwise direction. In this program, the kinetic 

model can include up to 20 species and 40 reversible chemical reactions. 

The numerical integration method has a mathematical accuracy check to 

determine step size.  This eliminates the need for repeated trial runs for 

optimization. Controlled injection of small perturbations is employed to 

run the program with some chemical reactions near-equilibrium. 

Ill 
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LIST OF MATHEMATICAL SYMBOLS 

NOTE; PRIMES DENOTE DI\iENSTONAL QUANTITIES 

A/ croes-sectional area of stream tube    ,4 ~ A'^^0 

Ag denotes vibrational coupling of J       specie» to   i       reaction 

8C boundary condition for the streamtabe 

c , number of elements 

fy 
specific heat of /       species      Cpf   »   -^r" 

& energy of X '    electronic level of /        species 
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Ki. 
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Mi 
. th 
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m-' molecular weight of gas mixture;    /i/^/ =. -!l -- 
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HJ 
. th 

number of vibrational energy levels of   /       species 

"J number of atoms per species 

vi 
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Ps universal ga» constant {    $<>   ~ 1.98647 cal/mol«-  K» 

/- number oi' chemical reactions consider«^ 
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^ time 

TorTj- translational temperature:     7" « -21- 

■r' r -th ^ rJ. 
/p, parameter of j       species having units of temperature! 7^.« —2- 

^^ f # th -T- ' 
"T^- parameter of ^        species having units of temperature; "/£• = -^ 

^ •*        % 
(b characteristic probability parameter of j        specie s with 

units of temperature;        ..      Jj/ 
UJ   S   To' 

/// T     ■ ,,        U' kJ velocity;     U «■ -^- 

Vj vibrational coupling factor of /       species 

V coordinate along streamtube:     y » -A. 

O^- atoms of k      element per molecule of  /'    '  species 

T ratio of specific heats 

*V »th 
9J concentrati .n of^       species in mole» per unit mass; >. » T-'CAWJ) 

e/ vibrational energy of   /        spjcies;    6/--^r^, w «/     ^ 7; ^ 

^' characteristic rotational temperature of y        species;  J», • «  ^ 

^- characteristic vibrational temperature ofy   ^ specie«;  ^^» -^ 

*/U nondimensionalizir^; term, 

-A~ *" —-7-—„— 
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fö ^ vibrationai relaxation distance of /   ' ' species; X: ^'-4 
J J     L' 

/■ 

** • Öl •j chemical potential f>£   /        species 

# "ft *   til . 
;35f\t£j stoicniometric coefficients of    y gpsciea in   t-        rearfion 

/?' 

A 

density;      /? -.s - _/ 

'tT/       vibrationai relaxation time of y     * specie» 

>Vt       degree of nonequilibrium of L        reaction 

-  th 
COJ       vibrationil frequency of   / molecule 

Subscripts 

CO       refers to vibrationai equr'iibrium 

C reference condition 

pertaining to in    L th reaction 

.   th 
/        pertaining to   / species 

th 
A       pertaining to  ft        electronic level 

th It       pertaining to V      vibrationai level 

Primes denote dimenaional quantities 

NOTE:   INITIAL CONDITIONS MUST OBEY EQUATION OF STATE WHICH 

EMPLOYS THE CONSTANTS USED IN THE PROGRAJMB 

/    H'TJ 
m. ■^rC&- $'#•&.<?$ «to  ") 

Pt,      dynes /&** To'       "K 

MW*       Ofii/zirtakf 
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I.     INTRODUCTiON 

Current »tudie« o£ hyper■onic aerotJiermodynamic» rer^ire 

rapid Bolutioas for hig??-temperature properties of gan mixture« ia 

the chemical relaxation region of a flow field.    Normal and bow «hack 

wave computer programs have been written by the Cornell A'irotiautlcal 

Laboratorie»  '    to calculate the inviscid nonequilibrJum-flow-field ga» 

properties behind a normal »hock wave expanding slonr a constant-area 

stream tube T)T in the shock layer of a blunt body at hypersonic speed« 

but frequentlv the nonequilibrium gas properties must be determined 

behind a shock wave along an expanding stream tube with given streamwise 

cross-section area or presuure variation.    Kypersonic blunt-body flow 

fields and nozzle fows of reacting gas are example« of tecimicslly 

significant problems of this nature.    To fulfill these requirements, an 

inviscid nonequilibi-mm streamtube flow computer program has been 

2 
generated from CAl/s normal shock wave computer program. 

The frozen normal shock calculation» to get the post-shock 

properties in the CAL Normal Shock Wave Program has been replaced 

by reading in all the initial conditions at the starting point of the «treamtube 

expansion.    We allow an additional variable, the cross-secticnal are«, of the 

streamtube denoted by the symbol A.    This makes the gas density,    ^     , 

in the continuity equation a function of both flow velocity, U   , and cross - 

sectional area,  A.   Hence, we need one mr  e differential equaiiw. fee 

- 



equation of bouadar y condiüon, to solve for this additional variable,   A    . 

Tbe boundary condition for this streamtube computer program can be 

the streamwise vas-JEtirm of pressure, cross-sectional area, density 

or velocity. 

The integration method,  Run^d-Kutta method, which it used in the 

CAL Normal Shock Program^  of solving the ordinary differential equations 

i- rnodified with the Richardson's extrapolation to increase the computing 

speed {Section III-A). With this modification the running *,itiie is reduced 

by more i^an one half.    In addition, an accuracy check is included in the 

modified Runge-Kutta Method.    Therefore,  experience with specific 

previous problems i3 unnecessary for the choice of step siae naeded for 

accurate results. This save* computing time wldch would otherwise 

be required for test Jiuns to judge the accuracy of the results. 

The running time for a chemical nunequilibrium-fow.field calculation 

is usually quite lo'.ig in a region where one or more of the reactions are 

near chemical equilibrium.    This occurs because the concentrations of 

the species which are near chemical equilibrium begin oscillation«) around 

the local equilibrium concentration values of that species; hence the 

numerical integration stap size should be very small to get accurate 

results.    An artificial perturbation on the degree of nonequilibrium,   X t,    , 

of each reaction is used in this program to save computing time near 

equilibrium.    The procedure ia described in Section III-B. 

I  .-._l,|.—■■»■■IMI 
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This .tream^e computer program can be u8ed to calcolate 

the nonequilibHum inviscid high-tempcrature propertie. of gas mixture. 

for quabi-one-dimensional flow9 anci car. oe ran near eq *tmm,    » 

boundary conditions of this streamtube computer program are the 

8treamwl8e variations of pressure, density, velocity or cross-aectionai 

area of the flow field. 

This report briefly discuss«, the germing equation« and the numerical 

procedure, u.ed in this program.    The general operating procedures are 

also presented. 

,-±.--9   ii in.iiji M» 



a.     GOViKKINO EQUATIONS 

In th, ..raam.ub«   progrlII.,   he Viriable. ,„ velocUy (u._ ^^^^ 

(.ft. den.,t> ( p   ,. cr„...aecUcnil „., (A)| ^^^ ^„^^ ( ) 

and v«,^, enor8y ,   ej   ,.   The variabu. ^   f_   p    .^A^^^,, 

nondimensional forms; 

iy ■■ 
u' 

p* 
UK* 

e~ 

A* A' 

(2-1} 

(2-2) 

(2-3) 

(2-4) 

Primed qualities are dimensional and subscript "o'1 denote 
8 reference conditions. 

The 
conservatxon equations on a body-fixed coordinate system are1' 2 

Continuity Equation 

&-**~JLä<l_P_dA_ (2-5) 
dy U    c/y       A    Jy 

Momentum Equation 

it—pUdU (i.0 



"=^=-^=^"^-^^-^y ■BtMi*f*Ji?üm        M 

Energy Eqttation 

«< , Ji?     1» J P . 

(2-?) 

^l .=| 

th 
Congervatiofc of j     Speeres 

th 
itv&tfjn of k    Elemant 

j» Ctt^ •-■ C2-8) 

I   0(^^=0 
^-■•. 

«2-9) 

Bouadary Condition 

The equation for the atreamtt'be boundary condition ess be any one of 

the following: 

aA 

*3 
agCiCy) 

«iscjCy) 
<*j 

au ., ^SC^y) 

^ «y 

«2-10) 

(2-11) 

(2-12} 

(2-13) 

Where     &Q(y}       repretenU U/|
,
/ ^      or   A   as a function of y   eit^.er 

in a polynomial or tabular form. 

—  



Tha temperature i» computed ixom the equation of »täte. 

/   * 
£*&&   A (2-14) -A. 

P 

The reversible chemical reactions in the stream tube program involving 

the species Mj (j = 1,2, 3,  , .., s,) are represented by 

where     j/-.   an<j    z/f:   are the atoichiometric coefficients. 

Let 

(2-16) 
Pn - ^J - ^y 

amd 

ZJi' 1   2J.U (2-18) 

I 
The equilibrium constant K; can be expressed as a function of the change 

in free energy 

4£C 
RoTo /n> _,_^-F'- (2-19) 

<=<?     "(tiTo') 

where 
0 

rn-ß,?*^ '2-20' 
Q til 

where      lA • is the chemical potential of the J     species at standard pressure. 



Bagsd on the molecjilar medel o£ a simple harmonic oscmator. ^j  can 

be given as 

■ ML 

where 

^^^^^.A^Zilj^T/ (2^2) 

and 

27r^^^/_^,   ,\Q.ß.> A LQ.. C2-23) 

In the equation of conservation of j     species, the molar volumetric 
2 

rate of production of species j from reaction I    , Q- , can be calculated 

where Wj f i^  ,    and ^1 may be 1 or 0 and    Xl  indicates the degree of 

nonequilibrium.     The first term in Eq.  (2-24) { JVr^l/Px~B1"0} provides 

for a particular nonreactive collider in the chemical reactions,  such as 

0^0   *£ ZO + O 
The second term alone in Eq.   (2-24){^W M^l^rjcamhin** all ccllislon 

partners,  such as O^M ^ZO+M   .    The third term alone in Eq.  (2-24) 

f« *l   n/- =7)- * 0}       i8 deluded if some subgroup of species are lumped 

together *8 a single collision partner,  such as   hiO-f- M   ^ N + O * H. 

7 

^ JJ       T 
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The variation of vibrational energy can be expressed as follows: 1.2 

A.       Nonpreferentiai Model 

Vibrational Energy Equation 

j'~f*/, ..   ,f (2-25) 

Vibrational Coupling j; actor 

l/.-i    *~C ~ff&h±    ^A./ 
^    A^'  e^75^/ c^^-f 

B.       Preferential Model 

Vibrational Energy Equation 

-fc-a\ 

where 
M' 

J 

2 gy- <? ^ 

(2-26) 

(2-27) 

'2-28) 

£•,• V    QO-Üß t Ci0 
(2-29) 

■MttMC qqnW^MüMBlfnggm 



and (ol  is the vibr&tional partition function. 

Vibratkm&l Coupling Factor 

y. s — '— C2-30) 

The enthalpy and specific heat are given as 

J=1.2, ±,     ^+1,...^ (2-31) 

where   H •   is 1 or 2 and denotes the number of atoms per molecules. 

Cl^e--ir^J<(¥)te-^]-fel..^J[#e-¥Jr „^ 

For vibration nequilibriuni the second tern, in Eq.  (2-31) is 

written an 

(> -I) __^  

and the second term in Eq. (2-32}should be omitted. 

—— -■'   -■ —-- ■  



m   NUMEÄICAL KtOCEDURE 

The procedure for solving a set of simultaneous wrdinary differential 

equations of first order is to solve for the derivative» of every variable 

with respect to \j   first and then integrate streamwise to get the 

properties at every point.    The modified method of elimination {Guass* 

method) is used to solve the set of simultaneous linear equations 

for the derivatives of every unknown with respect to y   .    Then a tourth 

order Runge-Kutta method with Richardson's modification (See Section lEH-A) 

is used to integrate along the streamtube.    This integration method, 

Runge-Kutta-Richardson's Method, has the following two advantages: 

1. It is very easy to put in a mathematical test for an accuracy 

check without spending excessive computing time .    With 

this check to determine the starting integratkn step size, 

uncertainties in the choice of a proper initial integ-ation step 

size are eliminated.    This saves considerablo computing time. 

2. With the residue modification, the integration step size can 

be much larger to get results of a given accuracy.    This will 

usually increase computing speed by a factor of 3 or 4. 

In the relaxation zone of a complex reacting flow field such as an 

air flow-,  some of the chemical reactions approach local qtiasi-equllibria 

(i, s.,X.' -*• 0 ).    In this r^^Icn, the concentration of some or all species 

may fluctuate around the quasi-equilibrium concentration of that soeciefe. 

10 
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Hence, the integration «tep mn»t be restricted to a mry tra^ll ai«« ta 

guarantee the accuracy.   This slow« down Ihm computation very much I» 

the loc  I quasi-equilibrium region.   A method involving artificiat perturbatlena 

on the chemical reaction near equilibrium (See Section 1II-B) hae been 

developed.   With this method the nonequillbrium program is used for 

rapid calculation through the local quasi-equilibrium region.    In the 

perturbation method, the outer bandwidth nround zero uf + 0. 1 and the inner 

bandwidth around zero of jf 0. 05 are recommended.   Section m-B gives 

definition« of the bandwidths in the description of the melihod. 

The boundary condition for this streamtube pso gram is either in 

polynomial or in tabular form.   When it is in a tabular form, the derivative 

of thft boundary condition function is first found with respect to y     by 

a divided differences method.    Then it is integrated to get the boundary 

condition function for each y .    To solve the set of simultaneous differential 

equations, Eq.  (2-5) to Eq. (2-9)» the derivative boundary condition function 

with rospect to   y    must be evaluated.    And also, the derivatives of every 

variable are solved with respect to   .y    first.   Integration is then carried 

out to get the variable values for each y .    That is why the derivative of 

the boundary condition function is obtained from the table instead of inter- 

polating directly from the table tcJ each interval.    In this way, the boundary 

values obtained by differentiation and then integration will usually not be 

exactly the same as the boundary condition values directly interpolated 

from the table. For some cases, a boundary condition function, such as 

11 
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pressure, may decrease with y   in a few orders of magnitude from the 

beginning to the end of a region we considered. In this case, the cumu- 

lative errors will be very large near the end point, if there are very 

small errors in the beginning due to the indirect way to get the boundary 

condition value.   To correct this kind of error, the boundary condition 

function is also interpolated from the table directly at every point and 

is used as the current value instead of the value from integration after 

each interval.  With this correction, the boundary condition will follow 

the prescribed boundary condition function. 

12 



^   RUNGE 
.,KüTTA-RlCHARDSON MEtHOD 

1.        Introduction 

The Runge-Kutta method ia one of the popular roetfaods for solving 

first-order ordinary differential equalione numerically/        For higher- 

order differential equations, every higher-order diftsreadai equation i« 

usually represented by a set of first-order differential equations.    Thus, 

the Runge-Kutta technique is also applicable to higher-order ordinary 

differen'ld' eqmtions. 

When the Runge-Kutta method is employed to solve differanHal 

equations, the accuracy of the results will vary inversely with the integration 

step size.   To ascertain the use of the proper Integration step size, after 

each step is completed the step size is halved and the integration over the 

whole interval iust completed is repeated.    Then,   by comparing the reiuit 

of the full-integration stapslze with the ouewith half *3tep size and integrated 

twice, we can find the deviation of the result by Runge-Kutta Method from 

the exact value for tills step and see if the step size we just used is propeT 

or not in this region.   Kcvever, this kind of mathematical check of the 

Runge-Kutta method usually triples the computing time. 

In aerospace fields, many problems require the numeiical roiutica 

of a set of differential equations; for «xample, th   calculation of the gas 

properties for a aonequillbrlum flow  field arouno a blunt body.   For this 

problem, GAL has a computer program.      In that program, they use the 

13 



Rungei-Kutts method to solve a set of öfdiaary 4llfer«Btial «guatioä« 

numerically.   Since thi» is a very sompltesi^d prcAlsm aad ^equira* wry 

much computing time, they omit the matiberr^tl^al check just mestlcm««! KWI 

choose Ö\e integration step »ise hy ^scperieac© to sa-e the computing Üro«. 

When thia computer program i» applie   to aa UiJsimüiar problem with few 

initial conditions, the intsgratioa step    las must be chosen by itetatioa» 

This iteration procedure eonsmmismucb tompating time:md tersw.rcaa,4 timm( 

In thie section a method is derived £or mvdifying the R^age-Kwtt'a 

results by Richardgos's extrapolation.   Furthermore, the mathematical rhecl': 

is added to ünümise the integration step sisse.    Sine© th® proper integratioa 

step si^e -with the modification is larger than the one without modiJ'ic%tion, 

the total computing time is of the same order or even shorter than the 

uamedified one without mathematical check.    Thus» when Oils modification 

is used,  %-e can get more accurate results with less computing time. 

2.        Richagdgon'a Extrapolation 

The Euage-Kutta method ig based o:n th«»    »ylor Series expanaioa, 

Y/o have a differential equation 

with the initial condition     y - yo   
at      X~X0 

suppo»? ms -^wtlti' ^f ^a. (3-i) is 

14 
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^s can u»e the jaylor •eris« tr> espa^d Eq,  13-21 a« a fusctiaa dt   ^ 

th 
&nd    X    to the   N      of der. 

h       Oil,    .     _ p.3) 

where 

Xe =  the initial value of    K 

h   =  X - -Xo 

K       (N-M)l  ^ ^^ 

r   =   a point between ft and X0 

Yfhsn we u«e tJ^e fourth order Ronge-Kutta method, N «4, 4he   remainder, R    , 

we neglected is 

Rs-|r P(5)(-f) (3-4) 

The deviation from the e^act value £er each step is 

I£ &« «step slae,,  n    , we used is not very large we can consider this 

deviation tc b@ propartional to M^e iiith power of the step siae,   H    ,  only. 

Or we ca» write 

where K is a constant. 

If we choose half th« säep siüe mtd integrate it twise 

Ci>«vK«K(|-fxZ «K^ (3-7) 

15 
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Tht rAiidue, the difference between the deviation from fall 

Integration step sise,  (Dev) , to the one with half integration step 

size,  (Dev)  , is 
m 

B.esidue =(D«^ -(pevY 

-   15 (D&v)^ (3-8) 

Hence subtracting one fifteenth the residue from the result 

obtained by using half integration step size and integrating twice will 

recover the exact value, if the deviation for each step is proportional to 

the fifth power of the step size.    This modification is the Richardson's 
4 

extrapolation. 

The procedure of using Richardson's extrapolation is as follows: 

Suppose we know the function,        -f{ X/y ). in Eq.  (3-l)=   Using the 

Runge-Kutta method, we integrate Eq.   (3-1) from   XQ to % -«-h     with a full 

integration step size, h . We get a rcault,y*ye+y     at X^'K^^  .    If we 

integrate Eq. (3»1) again from X0   to Vh with a half integration step size , 

HA       <    We may get another result, yo=yo^y.,  at X = X0-fK   .    If the step 

size, h   , is small enough, y, may be equal toj^. But, usually they are not equal. 

16 



From the dufinitioa of residue, Eq.  (3-g). Wm have 

Reaidue = y^ .^ ^ ^ 

Hence, with the Richardson's extrapolation, the result should he 

y    =   y*   *   Yz      -CDev)^ 
r   y^    +   y2      -Residue/15 

This result should be very close to the exact solution cf Eq.  (3 .1). 

When we use the Runge-Kutta-Richardson method to integrate a differential 

equation,  if we can make Residue/ y,      = { y( _ ^ ^   < ^     # ^ ^ 

deviation of the result from the exact solution should be much smaller 

than  6   .    Hence, we can use the residue test. Residue/V < €      as a 

procedure to control the integration step size.    The residue test takes 

very little computing time. 

3.        Example 

Suppose we have a differential equation 

with the initial condition 

y = 1, at X = 0 

The solution of Eq.  (3-11) is 

y = i+ x   - )^ + v3. x^^-x4" (3-12) 

We can use the Runge-Kutta method and also the one with the 

Richardson's extrapolation to solve Eq. (3-11) numerically at a different 

step size to see how much the Richardson's extrapolation will improve 

the results. 

17 
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In Table 1,    AX  = 0. ?,  the reaulta obtained by strictly Suage-Kutta 

method are accurate to the 3rd digit. The results with the Richardsona1 

extrapolation are accurate up to 6 or 7 digits. 

In Table .1,   A)(     = 3. 2, the results obtained by the P.unge-Kutta 

method with Richardson's extrapolation are even better than the results 

by strictly Runge-Kutta method with ^X = 0. 8. 

4.        Conclusion 

From the above example, we can see that in Table 2,  the    AX 

we used is four times the AX we used in Table i.    That means the 

Runge-Kutta method with the Richardaons' extrapolation we used in 

'Table 2    consumes the same order of computing time as the results we 

obtained from the unmodified Runge-Kutta method in Table I.    Hence, with 

the Richardsona* extrapolation   we improve the results and impose a 

mathematical check to assure accuracy with the same order of computing 

time. 

The «space needed for this modification with, the residue test is very 

small in an actual computer program. 
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TASLE I« NUMERICAL SOLUTION O? EQ* 13-1tI {DX"*0»8J 

O.OOOOOOOE 00 

e,oooooooE-oi 

1«"!00000E 00 

2.4000000E 00 

3.2000000E 00 

A.OOOOOOOE 00 

A.8000000E 00 

S.6000000E 00 

6.40GOOOOE 00 

7.2000000E 00 

3.0000000E 00 

s.eooooooE oo 

9.Ö000000E   00 

YCEXACT) 

UOOOOOOOE 00 

U3279360E 00 

»e«709053SE 00 

-U3319032E 02 

-89I632700E 02 

-3,2749997E 03 

-I»0i20038E 04 

-2«6t66250E 04 

-5*9431183E 04 

-1«2232264E 05 

-2.3301495E 05 

-4.1701388E 05 

-7.08910S9E  05 

VCR-K) 

l.OOOOOOOE 00 

1.30882!3E 00 

•a«8l28?07E OS 

-1.3344428E 02 

-6.1679668E 02 

-3«,2757505E 03 

-1.0121 137E 04 

.2.6187761E 04 

.5.9433I73E 04 

.la?232518E 05 

-2.3301809E 05 

-4.1701 773E 05 

-7.0891518E   05 

V «R-K-R> 

l.OOOOOOOE 00 

I.3Ä79360E 01 

-8,7090547E 01 

-1.3319032E 02 

-S.163269aE 02 

-3.2749995E 03 

-J.0120039E 04 

-2.616625IE 04 

-5.9431184E 04 

-1.2232264E 05 

-2),3301495E 05 

-4.1701390E 05 

-7.0891060E 05 

TABLE   2.   NUMERICAL   SOLUTION  OF   EO.    C3-11) {DX=3.*;) 

O.OOOOOOOE 00 

3.2000000E 00 

6,4000000E 00 

9,fe000000E   00 

Y(EXACT) 

I»OOOOOOOE 00 

-8.J632700E 02 

-5.9431183E 34 

-7,0891 0595: 05 

V(R-K) 

l.OOOOOOOE 00 

-9e3656376E 02 

-5.9940101E 04 

-7.100767TE  OS 

YfR"K-R) 

l.OOOOCOOE 00 

-8.1632703E   02 

-3.943H88E   04 

-7,CS91071E   05 
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B.    PERTURBATirN METHOD ON CHEMICAL 
REACTIONS NEAR EQUILIBRIUM 

In a gas-mixture flow field with variation of theTmodynamic propertie«, 

the chemical reactions tend to maintain the gas mixture in chemical 

equilibrium.    Let as represent the set of chemical reactions involving the 

species Mj {j = .l,2, —s) by 

Z^. ^   V?   2   -V/M, (3-13) 

where i = 1, 2, 3 --- r is the number of reactions.   *<•   and ><•* are 

stoichiometric coefficient? for reaction i.   -(L   and ^a . are forward 

and reverse rate constant respectively.    The    ^p, can be calculated 
•A 

from the local vibrational equilibrium rate, ^e-    , 

where Vj is the vibrational coupling factor and A. • may bt 1 or 0 ,  denoting 

which reaction i. will be affected by the vibration-dissociation coupling process. 

The net volumetric rate of production of species i from reaction i    Ä. ■ 

is given by 

(3 ' =/J filp'^n-'i/^- 4'   a^4i Y'P'*1 ^^J 

(3-15) 

20 



where       &-JLv^     W *>/»   X:*/* 

Since the equilibrium conetunt 

/ .  ' 

Eq43-15)may be rewritten 

/J--^-^-,  ^=X/j3 
where 

and 

The ^i» referred to as the degree of  nonequilibrium of the ^*" 

reaction.    When the reaction i is in equilibrium X* *&•    Otherwise, the JC^ 

wili   have the values between 1 and - oo,  excluding 0. 

In the flow field of gas mixture, if the chemical reaction time is slower than 

the time characterizing the variation of thermodynamic properties in the flow, 

the concentrations of the species near equilibrium usually oscillate around 

the equilibrium values as shown in Figure 1, 

21 
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Figure 1        Variation of Species Concentration Near Equilibrium 

Using the Runge-Kutta method to calculate the concentratim 

of species along the streamwise distance,   V   , ihe integration step size 

has to be smaller than the distance between two adjacent relative 

maximum or relative minimum points in the actual concentration curve 

to attain the desired accuracy.    Near equilibrium, the distance in the y- 

direction   between two relative extremes of the species concentration 

curve is usually very small and derivatives become large.    Hence, 

the computer running time for a flow field at near-equilibrium is very long. 

The    ^ i  - variation of those reactions near equilibrium is very slow 

along the streamwise distance,  y    .    Also, in this region the values of 

%,[      are very near zero.    Ae an approximation, we can set X'x, equal 

to zero.    Since the   X'K   vs   j     curve is nearly flat,  the results of this 

approximation will not deviate too much from the actual values, but with 

this approximation   the integration step size can be  ^uch larger.    The 

scheme of shis perturbation method is as follows. 

■r=—-■■--—•■■ 



Two specified baßdwidth«.    ZS      and S€   ar« pli*c«a aTsastd   *Li »0 is 

the A^i. vs    y     space whets   %    i» less thaa fe   ,   We heep checking txm 

PCj.     -valaes »t every integration interval.    If the previoae 'H -value 4» 

not äero and the current   I'-'> ( calculated from ita algebraic definition 

(eee Eq.  (3-18)) is smaller than  S   , we set   ^l =0 which makes the  ««tj   =0 

from Eq.  (3-17).    This term is omitted from the summation in Eq.  {Z-B) for 

integration, and the reaction it represents is temporarily and artificially 

frozen.   If the l^-J calculated from Eq. (3-18) is equal to or greater than S   , 

then the currently integrated   X J, "value is ased.    If the previous   Xi -value 

is zero, we set  X^O for iXil le«« than   €     .   Otherwise, the calculated 

value from Eq.  {3-18} is used as the updating %l -value.    Thus, thoae nonzero 

(X^l     -values less than   €    never enter the integration.    When the chemical 

reaction moves away from equilibrium, calcul&ted values from Eq. (3-18) 

are used until its l%il exceeds   1^1     .    In this way, instead of using one 

O      -band, we can avoid the rapid fluctuation of the l^i' -values from 0 to the 

calculated value greater than h   and vice vers^.    This   A^-test is an 

empirical method.   Hence, the bandwidths for   o     and     €       should be 

determined by experiments for each particular class of problem.   Experience 

is gained rapidly and fixed   a    or   6     values work for a wide range of 

conditions.   Far less high-speed memory storage is required for this method 

than for a separate analyticai perturbation code.   With the streamtube 

program described above, most of the available cells are occupied so that 

the artificial  perturbation   .^/^-test represents a significant advantage.    It 

probably obviates the need for a chain program modification in this case. 
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IV    PROGRAM DESCRIPHON 

Uns program is written in FORTRAN IV for an IBM 7040-44 

digital computer.    Thia program requires approximately 25.000 memory 

cells and at least two magnetic tapes for the nornal outputs    The system 

at GM DRL is composed of a 4K central system momtor, with 32K of 

core storage.  8 magnetic-tape drives :md a 1611 card read-punch unit on 

channel A.    With specific sence switch settings, we can select optional 

outputs or tape #2 and tape #3,    The sense switch settings and tape 

requirements are a® follows? 
\ 

A.    Sense Switch Settings: 

#1 - opticssl output on tapt #2 of species thermodynamic 

and chemical variables 

#3 - optional output on tape #6 of the array of coefficients r' 

the set of simultaneous differential equations 

#4 - optioral output on tape #6 of the derivatives of boundary 

condition function with respect to   y   . 

#5 - optional output on tape #3 of the molar rate of production, ^ 

#6 - include  tL (  , = t   ■       >" ) in each rcauit paragraph 

on tape #4. 

B.     Tape Requirements: 

Output tape #2 (optional output),  Tape #2 is written only 

when sense switch #1 iß on and DUMPIND (input variable) 

is set equal to 1 or 4.  A paragraph of species thermodynamic 

and chfc.^ical variable is printed for the first Runge-Kutta 

24 
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stepi DUMP       =L or all four Rmige-Kutls steps f *• IND 

DUMP„    =4 in an interval. 
IND 

Output Tape #3 (optional output) - Tape #3 te «»ritten  only 

when sense »witch #5 is on.    For each succes» step a 

paragraph of the molar rate of production of specid» 

{ i^C"*"'/- vS ) froro all reactions t, ^CJ  , is printed «ml. 

Output tape #4 (uormal output) - A paragraph of results for 

each printing imervai io prlütcd out. 

Output tape #6 {normal output) - &rror massages of failing 

test are printed out on tape #6.    Wher. sense switch 4 is en, 

the derivative«; of boundary condition with respect to y 

are printed on tape #6. 

Thf» chemical system of this streamtube program has a capability 

to read In forty i-evcrsible chemical rnactions   {.»1,^,3    ...      r*      ) 

and twenty chemical species ( J = J,! , 3,, . . . ^ S        ).   The species are 

subdivided iatr iuoependent species,  the elements (   -ft.=-j   2. ,1   #.,   C       ). 

and dependent species (  j «C+L • -    /   5 ).    In the dependent species 

we-can have some diatomic species {     i a -f+l    . . .     q ) for which 

vibration Konequilibrlum a^e considered. 

V/ith this program, we can put. more than one set of »treamtube 

calculations in one run.    There is one data card right «It«? the fiE\    emt 
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^f dal* cards to £»!? ho*^ ma&i s^tz o^ data we h^vg for tfels ^«Ws ^^ 

wc* all i^« »«tu of dsts right i^ta»- it La ort* deck and ?un them.    When it; 

is finish?»*! tiv-. ^^-tsm wiil jm? "end of file" OB *-,'sry tape used» For «very 

streamtube there »r§ two normal termination conditioaa.     One is 

y    $  Yet,   /'/ (input variable).    The other one is    ~TH   ^ TH,,». 

{kipnt vcriable TEST^).    At normal termination, the following line will be 

'jjri^ted c-t- tape i?6 t 

RUI   vrun no,) COMPLETED 

There are two possible error terminations.    One is due to the 

zero d'-terminant encountereJ in the set of simultaneous linear differential 

equations.    The other one is due to       AV^   ^   ^V^^     •    If either 

occurs, the error messages are printed out on tape #6 and the system 

will go on to process the next set of data.    If the error terminatir i occurs 

in the final set of data,  this run is finished. 
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APPENDIX   A 

INPUT FORMATS 
MIM       r      Jill     i.l    l IMWIHIIIMWII     l i....,— 

A. First Five Cards A-l 

B. Species Thermodynaxnics A-3 

C. Chemical Reaction System A-3 

D. a jl-   Matrix. A-4 

JL,       Initial Condition A-4 

F. Boundary Condition A-5 

G. Boundary Condition Pol^ T;oniial A-5 

H.       Boundary Condition Table A-6 

I.        Number of Data Sets A-6 



A    mPfJT FORMAT! 

The ord«* »öd format of input data cards are givza in detail 

below, 

A.    Firat Five Cards 

Fir»t Card   -   Format (A(>, 813,  2E10.4) 

IRUN run number 

5 number of specie» ia the gas mixture 

r number of chemical reactions in the gas mixture 

■fjtj define vibrational nonequilibrium group of species 

C number of elements 

B. C. boundary condition,  1 -^ Ü, 2 ^/?,  3 -s- f> & 4 -» A 

E.E^„     electronic excitation of the species, 0 -♦no,   1 -♦yes INI/ 

DUMP       optional output of i^ step of Runge-Kutta„ 0 -»none, 

1 -* first. 4* all 

^ y starting interval, in cm 

y' value of y' to stop computation, in 
Crn 

Second Card        Format (8E9. 5) 

jp c reference pressure in dyne''cm 

JO reference density in gm/   m 

T reference temperature in 0K 

Blank available for further information 

Z initial cross-sectional area of streamtube in cr A' 
0 

Al 
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,»' reference velocity in c&a/eec 

^y' reference molecular weigM, ia gm/mele 

L reference length in cm» laaially om? cm 

Third Card    Format (5E14.7) 

TEST number of output result paragraph«, per page 

TEST value of temperature that terminates the computation 
ma 

TEST percentage change in T allowed for each interval 

TEST halfwidth of outer igtest band, usually = 0. 1 
4 

TEST half width of inner X;test band, usually = 0. 05 

Fourth Card Format (SE14.7) 

TEST6 blank 

TEST- blank 

TESTg blank 

TEST first val ue of y to be printed after th« initial value of y 

nondimensional.y ^y' /L 

TEST printing interval,   Ajp-Ayy/i. 

Fifth Card Format (5E14.7) 

TEST number of successful steps before replacing Ay^ by C^jfo 

TEST C,  step size increment factor 

TEST  3 blank 

TEST minimum Ay   allowed 
14 J 

TESTjc maximum 4y   allowed 

A-2 
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B.       Species Thermodyn&mieg 

There are four cards for e*ch of the j = 1,  »***-, g ipssi^s 

Firat Card     Format {6Ei2.6) 

n number of atoms per molecule, one or tw© 
J 

b- constant for chemical potential calculation 

®v characteristic vibrational temperature, in 0K 
J 

h. heat of formati ^a, caloriss per mole 
J 

N. number of vibrational levels for harmonic oscillator cut 

off at dissociation energy 

Blank available for further species description 

Second Card   Format (4J? 12. 6, 4A6) 

t-aj, Tbjf        describe vibrational relaxation time for species in 

the f + 1 ■*• g group; 

SPECJK j"1 species identification 

Third C ird     Format (12,  8F2, Ö) 

^ji number of elccironic levels of j**1 species,     J?= 1, ,  8 

<fii' degeneracy of each i      electronic level 

Fourth Card     Format {8E9. 5) 

£-U energy levels of electronic states in cal/molecule 

C.     Chemical Reaction System 

There are two cards for each i = 1, ,  r reaction. 

A-3 



rd     Format f3F2,G, E0F1.0# 2iF Löf ZQF l.M 

WT   ?    Tu     ^««^Äa-rAi^-i, 0?  ?elatksa to a?* 

T^\ »nght-hand aide stoic hiometfic coefficient CÄ 

species i on reaction }, 

l/-,: left-hand afde stoichiometric coefficient of spe-tes j 

on reaction % 

AM denotes which species is involved with vibrationai 

dissociation coi'pling of reaction^   1 -»-yes»  O-s^no 

Second Card format   {14, 4E14.7,  2A6) 

KFIIND denotes direction oi input reaction rate constant, 

O     -♦-forward,   1 ■♦-backward 

£4-   IM ^o       reaction rate constant 

0<* ^ *■<* r I     (T'f***] '**>*'■ 
On Cen- 

See   or   fnok-i»* 

SPECIK identification of i     reaction 

D-    ^ }* Matrix    Format {20F2. 0) 

Need one card for each ^= 1, , c element to describe ail 

species by the elements 

^    Initial Condition 

First Card     Format (5E14. 7j 

Ore card for every five of f + 1 -*>g species.    If f ^ g,  omit this card. 

Cj vibiational energy of j '   species 

A-4 



Second Card      Formst (5K14.7) 

One card lor every S e species 

^ concentration o£/     Species, nondimensicmftX   X-^  ^Mt^o 

Third Card      Format {5E14.7) 

j starting distance         ysr^y/j/ 

T starting temperature      T=T/TJ 

f starting pressure         ^ = f ^Cp© ^o -) 

P starting density              P -   f /fo 

U starting velocity           U - U /uö 

Fourth Card      Format {5E14.7) 

MW starting molecular weight of the mixture, MW« 
MW 

o 

F. Boundary Condition 

The boundary condition can be read in either in tabular or polynomial forms. 

First Card        Format {213) 

NOR number of the polynomialsor number of cards for the table 

IPOT polynomial or table indicator,  0 -*polynomial, 

1 -stable, 

G. Boundary Condition Polynomial (IPOT = 0) 

One set for each polynomial 

First Card      Format (13,  2Ei4.7) 

lOOP order of the polynomial 

REST starting coordinate,  y,  of this polynomial 

REND                 ending coordinate,   y,  of this polynomial 

A-5 | 



gecond Card Format (5114.7) 

One card for e^ery five coefficients 

COP coefficient of polynomial, atarti»s with the lowest 

degree coefficient 

H'       Boundary Condition Table (IPOT«l)   Format C® 14. ?/ 

One card for each TY 

TY coordinate value 

TP corresponding value of the boundary condition function 

J.        Number of Data Sets    Format (12) 

1ST OP number of data sets for this run.    Only need to 
put one "number of data sets" card behind the first 
set of data. 



APPENDIX B 

SOI 

SOI 

SO 3 

S04 

SO 5 

SO 6 

50 7 A 

S07B 

S08 

S09 

SIO 

Sll 

S12 

S13 

S14 

S15 

S16 

S17 

51 8 

Si9 

S20 

SZ1 

FLOW DIAGRAM 

MAIN PROGRAM 

Subroutine START 

Subroutine. RSADIN 

Subroutine WRITE i 

Subroutine WRITE 2 

Subroutine MATRIX 

Subroutine DER 

PREFERENTIAL FLOW I, II, III 

Subroutine SUB1 

Subroutine SÜB2 

Subroutine SUB4 

Subroutine SUB5 

Subroutine SÜB6 

Subroutine TEST1 

Subroutine rEST2 

Subroutine TEST3 

Subroutine OVRFLW 

Subroutine LCOUNT 

Subroutine STOP 

Subroutine SIMSOL 

Function DERT 

Function TINT 

B-3 

B-6 

B'7 

B-g 

B.9 

B-10 

B-15 

B-1S 

B-19 

B-20 

B-?.i 

B-2i; 

B-23 

B-24 

B-25 

B-26 

B-27 

B-28 

B-29 

B~30 

B-31 



APPENDIX B FLOW DIAGRAM 

The detailed flow diagram of alJ subroutines used in the stream- 

tube program ar<» presented in this sectioa.    Tbe H^finitiona of the 

symbols used in the flow diagram are given b^low. 

i 
-a».. 

Direction of flow 

The beginning or ending of a program 

Connector.    To connect parta of a flow chart. 

Decision function.    Branch to one of two or more 

alternate paths is possible 

B-l 

■ 



"1 

J 
Processing or operational box.   Descriptive 

or working block of iastructlottS. 

Call box.    To call a library QT cloaed subroutine. 



SOI MAIN PROGRAM (Page I of 3) 

STAR1 

L \ 

j AS31&N   lto-C'-5ooo 

r V 5COO f 

^ST.vRT 
_/ 

50oi 

CALL 
REAPIfMl y 

TEST. 

530! 

V 

CAL L. 

MATRIX 

5310 

I 

IEXT! 
(C-H) *.  C+ | 

C-f+t) =   f + j 
Cg+!) - g+i 

■f - f 

Ml    M+ i 

MX! -MX+i 

MX3=MX + ä 
MX4-MX<-4 
MX 5-^5 

W^^t^/L' 
Rl = |.98e47 

4.l8>OI4E7irRiTe" 
Vr =   ^MW^CL'^ 

S.S. C.= o 

xr-= 

M    4.l^5ol4£'?«Rn8' 

"■ KkE v --I.0 

5340 1 

I 

F0R je t.5, i 
Ö 

K • ==- 

S3go 

rooo 

Ej«-tji/(3.z9S2E-24»T;) i-i 3,1 
eEC(hj)-.o 

TO«? 

( c,-RiToU.iszzeei) 

ro70 
Fase l - i, rf i 
*B1AIN IN WX P1»IMT 

!!jÄf I 
A = A'/!.0 

aojk 

—I 
WRITS 0UT *N TAPS 6 | 

RUN  SKIPPED 

B-1 



SOI MAIN PROGRAM (Pmg* 2 of 3) 

O- 
MIS., 

T - T 
ww = m 
u » u 

*-? 
p   M ~ 

5fci3' 

i^ 
57iO 

Ä1SL 
€i = ^ 

5<bi4       f 

—   1C-  I 

5730 

l/T  ^ P0ft J 
XlAZCj)-o.o 

XIA3(j)-o.o 
XiA4(;)-o.o 

I 

573C) 

£152 

RKRj^ar^l] -j IFAIL-O"! 

\. 
B0P)-VIWTT ^   Äy « ^y /NC :WTT— 

■^ 

5T$^ i 
/ CALL 

5800 j 

&-4 



SOi MAIN PROGRAM (Frng© 3 sf 3i 

6110 Ä2iO 

y = y 

MW = MW   Ö " U 

9-p      f = P 

2H40 

T« 

^20  

1J -Yj +&^i 

r 
n—s^| 

■,i.i:..,„ 

y.-y    p.^e 
NC«2 

rai-^ 

Z' CALL \ 

I FAIL 

y 

U=U+(U~Ü,)/l5 



S02 SUBROUTINE START 

iooo 

-^H. 
CALL      \ 

CpVRFLW   / 

y^o U - U = 0 
T = T»  O 

T-*R     j « 1 ,20. i 

 ,   , 
o ej.^.o 

1 IOO ! 

eöF2= o B&F 3=0 

"?,- I.o ^- ?.o 
5<4-   I.O 

ß,-0.5 ^- 0.5 

^3= i ^4-   i'0 

I20Q    f 

RETURN 

. 



SÖ3 SUBROUTINE HffADlN 

HIP 

ewmvh- 
RSA!5    FIRST   FIVE CARDS 

'[TEST^     I^SJS, i      C 5 PER CARD) 

-~i 

«# 

((80 f 

M90 

READ MSB  i*  SPECIES   TtHE F0UJ5VVIM<T    4   CARDS 

^j;    bj, Öyj,  h]',    Nj , Xej 

TAJ,^B,,   "cj/^Dj,   (24 C0LUWM6   0F    IDEHTIFICATISN) 

W
J.   931      i = '.6.i 

Ejj        i-^8,1   

(2 70 

F®R   EACH    RSACTI0ha    I        I =H, O !        R^AU   2  CARDS 

W^H^UL.C^   i51'20'15/^'   j^'^o.OCAij j«I^O/i) 
KHINDj, A-fcLae, S^Uc.C^.^Pi;^,  Z ^^t>S ^F rt>fcNTlFICATUM 

1520 

PSR.   EACH   -fe     ^"i^C,,!       READ   !   CARD 
of j4      ; »   | , s , 5 

1350 
1 

READ    IWITIAL C^wolTIöNs 

'S '""S* -'**' -r^- *** f*S* ■ 
1,^,P , ^u.MW  
^j 

JL 

; v j : 
READ   ft. C. P0LY. 

?«fe2 

ReruRw 

'!  ^ooo 
WR1T£ *«JTpaT TAi^    * 4    All I^PUT ?5ATA   | 

M ** * -    —"■      ] "' I..      I .     LIU. J L       ' ■ - ■   '■'    '    •-'"    ■-J " 

B-7 



ENTRYh 

(00 

^'RlTfc  HEADINGS 

0N   OUTPUT  TAPE *6 

\ÖZ 

u 

WRITE   HEADIN&S 

Am OUTPUT   F0RMÄT 

^N  OUTPUT   TAPE *4 

RETURN 
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SOs SUBROÜTIWT WRITES 

ENTRY 

S00 7 L 
WRITE   0ÜTPÜT rAP£ »4       j 

MW 

Ti 
 r "■ 

WRITS 0UTPUT TAt>fc * 5 

^/ RUN9 

i  J «™_™. 

3olO 

——|  
- 

(3ClO>-H   COiUMT * C^UMT+1 

WRITE   C&UTPUT   TAPE   *4  DENN: 

-V.0FP 
S5*E.    > -p- 

,:3N 

3000 

WRITE   OUTPUT TAPE  *4 

:<, g-((-n)> 

300^ 

WRITE  OUTPUT  TAPE M 

1 
C^UWT - TiST 

3oi2 1 
W^ITE 0ÜTPÜT  TAPE ^4 

RUNJ*    0N A NEW PASS 

■3C*4       !l 

COUNT-O.0 

50181 

ST0P    /' 

VPREV.
ä
 y 

:?Oi9 

RETURN 

V    $T0P    /^ 

- -> 

^^.^■■^i^ y^«^ <IH*IU9IVf—'^ 



S06 SUBHOUTINS MATRDC 

Schemo+ic   öf Cons+örrl- Coetf ioertf   Arrö^ , 0(45/5) 

M      MS 

e^+c""-'^ if ...... "X" 

MX MX! mZ   MXS   ^4   MX5 
t    e    u ii......... flc 

1 f 

• 
* 

* i 

0 0 o 0 0 0 0 

s                               * 
'V."*' ^Si 

0 

etsc *     •' ^CC ofc+i.-c • ■ * dfc 

0 0 0 o 0 

0 0 * * 
0 0 0 0 0 

MX 
1 

i 

MX1 0 0 0 0* ö# 0° 0 o 

M)(2 0 0 0 G 1 0 0 0 

MX3 0 0 0 0 0 1 0 0 

11 WJ 

0 0 0 0 0 0 0    o 
 i  

Energy 

of   -^ Elc^ertf 

Coröervcrhort 

Boundary Corvd. 

Ccxm+inui-fy 

Boundary CondH-ion; 
U-^ C(MX^MX4) - I 

A -*C(MX!>1Xi)= i 
= 4- p-*- CCMX^MXS)« i 

?-*■   CCMXI.MXZ)- ! 

B-10 



301A SÜBEOUTINE DER (Page 1 

ENTiW ^WpSEFIStMTIÄC 

löOO 

PKEPERENTIAL 

/    CALL     S 
^SUB  I    J 

_- I PREFERENTIAL L 
l-FL**    I 

i OSO -*► 11 SO 

F0R       j   »    I,  ^y    i 

77; 

9^öj-^5JUT+.^EEC(4i-) 
Cpj« ^.5 + EECC^j) 
€j . 0.0 

Vbj » 2.ST + EEC{hj) 

ht 

6v: 

.J^i   j^"«^)"' 
EXP G^ fcfj=-i{5+2CrIj-|))+(^H)€] —^ + EtCCCpj) 

hj- ^-fS+zdTj-i^TCTij-Oej + Kj * EEC Chj) 

i^io-* 1350 

^-Cs+o^L"*-l EXCEPT F^JR RANGTE *F 

fSÜ" AS 
EXCEF 

B-H 



SOt A SüBEOÜTINE OE8. ^PRJ" -~ -;s ^i 

B-12 

CALL    \ 

SU8   ^   / 

im 
5=-Mr] 

5380 

9v; 
ej®~ 

TV,.« 

GXP^-i.o 

8v: 

wy.s» öv. 
^ ^ J 

EXP^ / 

hi=^(5+2Cnj-l))T + ('-ni-l)ej+H}^eEC(hi) 

xr ^J -IT 

V; 

AQ\     I^Z^T« B£ REPLACED 
BY PREFERENTIAL 

PREFEREWTIAU 

1 M*PeL 

/M NJpp(^)-iJ^xp(^L -I 



SO"Vä SUBBOirrWE DEK (P&ge 3 Of 4^ 

IMO 

1   ^^^ 
!       ', ~-          --- 

--=->:s 
::-     -sisilssssi 
' 
s-<. ==i=i55^^ 

r^2?J 

^ 

1 

B-I3 



S07Ä SUBROUTINE DER (^ge * of 4) 

;f*raj 

Fiftg AIL (M^MDa&I^EHTS ] 

, V-ip*!^  
JL_ \-^'       1870       f 

C0NDnT*4 
IN TABULAR 1 Tw5 

are.c.) 

I850 r*-<  -^4 

v^^ 

5-Ö 
BWX4 >\« ) * - ^LL— 

B(M*^My4)- UA 

^S-Cf+'t 

wm£ 0ÜTftr TAft *4 
j',IRA,6CMX!,Ml)JAy 

LLL^ §J 

IMO +T0 

I ^1 
!8fel 

©^ '^L.... 

L_ 
Eyp(tfj)-i   £XP(HJW,)-I   ^ 

TEMP2 

fEMPJ 

iflfln    S 

CH4II.I 
2DSO        t 
FLLL    LLL4-» 

ZoSo__l  

J-J+ 

{B(M<4.Ul) -j^j Ctij-0| 

•11 tOtO 
SCfi. H^-) 

NN >« NN+I 

J=j + 

1^ BE R:PLACEOfey 
PREFEKENTI&L FL<IWS 
F9R PPEFERF.MYIAI 
M«DEL 

2100 

BCMX^KKK)«^ 

&(MX3/M»4) » P/U 
&fM!il!,MXI)=C/A 

B-14 

I ::: litpj    v 

RETURs 
f CALL   ^ / CALL    \ 



. /". ■■■.-   ■■ ■■ ..':■"'■' 

SO?B PREFERENTIAL FLOW I 

£N1RY 

READ A CARD WITH RULfiMiM*  VARtABLSS 

WRITE TME AB#VE VARIABLES «N  0UT|>ür TA«» *U 

I 
Nj-Nj+I 

I 
KK= 1 

n      I 

E^CKK)« (KK-0.5)(Wej + (KK- O.SX-WaXej -KKK-0^)C«,^j +«t^ (KK-o.5))» 

TEMP2« Z EvjCKK) E*PLEvj(KK)/üj3 

TEMPS » r EJ{PCEwj(KK)/üj3 

-{ KK»KK4t"}*- 

r*. a     i.99T8Za«TgMP2 

'j ' To'R/fTEMW) 

Qj  «TEMPS 

i~ 
J-J-H 

B-15 
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I 
S07B PKEF^RENTiAL FLOW U 

TirMPZm r!E^(KK)EXp [-EV:(KK)/T/1 

TEMP3=£ WPC-EVJCKIO/T;.] 

TEMK-£E)(P[-EV:CKK)/T'] 

TEMPS«E EXPf-EvjCKK)/^^') 
<IC»| 

—. .      1.9873^2 (TEMPZ) 

ReT^ (TEMPS) 

ISM 

w, -  (TEMP4XTgMP3) 
J"        QjfTEMPS) 

)47! 

Vj = 1.0 

B-16 



S07B PREFERENTIAL /LOW IU 

ENTRY 
K -—» 

1 TEMPI «r -^ ,, t 

L    An au 

B-17 



SOB SUBROUTINE SUBII 

WRITE (OUTPUT   TAPE    *Z 

IMP 

ioos 

£0F2= 1.0 

T~ 
WRITE  «ÜTPÜT   TAPE   *Z 

9-^ + 1). 

I007 

WRITE 0ÜTPUT   TAPE *2 

oofi. 

RETURM ^-ii»a 

:■ : 

B-18 



sog SUBROUTINT SUB2 

_! 

ENTRY 

looo 

F0R     j   .   4:+^  g   ^   i 

J 
^ 

^(TO^EXP 

RETURN 

t 

B-19 
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SIO SUBROÜTÖIE SüM 
^ i 
| 

sow 

10I7 

MZL. 

i 
TEMPI- Ip.^ 

I 
C*l 

EXP[TEMPI - J^^\J^) 
(41.3^8 TT^JP' 

f\^l 



Sii SüBg.O IITM^ StfB5 

(ÖIT 

#fP 

RKI^UMIV^ 

\ooZ 

WRITE (fiwrPOT TAPE ^2 

4ü 

!OIQ t 

10! I 

WlTe OUTPUT TAPE *Z 

l-Ul 

WRITE OUTPUT TAPE *E 
THE £«.RmTIVES ^P TME S^LL0WIN€r VARIABLES- 

10« r 
RETURN   «» 

r 

B-21 
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sü SüBROÜTDdr SSSi 

sN'/sy 

!0t0 

I—* 

TT2 -^gj|EXP[- 

TTI « 

TT3 W EXP 

«iZO 

EECihj) TTt 
TT2 

EeC(f)»JU[XLij 

J T*(TT2r 

JMJ+   j       |«*~ 

YES 

^TiH^ 

B-22 
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513 mmmmmm itsti 

r*. CfitßV *n 

II 

IY5T« 

SXTEST «  !.0E-7^Te5T9 

NÄSAV « 0 

5 550 t 
%~% ^i-^J i-i,^M 
y «y f-T #»MW 
U -Ü e-p F«^ A-A 

i 

- II 

'|-*.i».Wi.MHt-r ..-- 

-*<C^mm.my 

Ife74   ' 

N«5AV~0 
S.S.c»5.S.C + l  f 

1470 f 

S.S.C»0 

I>V5AV-A2f 

n 
tfe7g 

«** mrmn H 

B-Z3 



Si4 SüBROUTmE TE3T1 

*™ K^e'r HS 

WRI. rE OUTPUT 1>P£*6 

WRITE OUTPUT TAPC * & 

\OTO  

INP. </^ J 

o_ß^ A    ^>.m   i WRITE OUTPUT WE ''Cr 

WRITE0L>TKiT TAPE * ^\^^^^\ 
y.jM.Mit.b ME-5 ^ *wt> I 

j WRITE 0tJTPf/r TAPE ♦£ 
li Ay. T   ^gST FAILED    j 

B-2^ 

Ay« Ay/2 

FAILURE INtiCAT*« RÄ 
MATW PR^frRAftA <*M 



 1 1  . 

Sis SUBROUTINE Ti3T3iri.F2,l3,m,K) 

ENTRY HD 
•■1*m~- 

PEVF - -^Tpi 
Fit, 

B-25 
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S16 SUBROUTINE OVRFLW 

EHTftY 

CALL 
FPT 

) 

RETURM 

B-26 



S17 SUBROUTINE LCOUNT 

I 

ENTRY 

LINEC0ÜMT'» 0 

1 
WRITE 0UTPUT TAPC   * 4 

RECORD T^ EJECT R\&E 

RETURN 

B-27 
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sia SÜBROUTINi: STOP 

RSTURW REAP   NSD 

I5TART »IStART+1 

WRITE OUTPUT TA^E * 6 

RUN  (RUM«)   omPLETED 

YES 

N0 -^{l^j 
MAIN 

PRtfaPAH 

WRITS END^F PILE TAp6*4 

WRITE END «F FILE TAPE "5 

5TIJ5P4 

B-28 



Si- SUBROUTINE SIMSOLIA. KK, LL) 

0N ViJBltTE #utruT Jf$€ -4 

uo\*—Q*T[ 

B-29 



__,, —j L_.——■■-,—-—;-,-—ES? 

S20 FUNCTION DERKX, Y. I.XD) 

B-30 

:NTRY 

7> = Li- i+j -*- 

TXj «X^DI 

TY5=YINT 

11 - I - 1 

l?- l- 2 
1  1 

1 
Dl = X;.  - ^t' 
D2=   Xl2+ Xi 

"T-^-Vn 

FDI = TYi- ■TY, 
PD2 = TY5. -TY2 

5D «FDZ- -FDI 

H • T3f2- TX, 

R „ xi>- 
H 

TX, 

TTl • i. i - I + j 

TXj  =  Xr, 

TX^Xi-DZ 

TY. = Y1NT 

D£RT = H)t-N5(2fi--i>SD 
H 

RETURN 



S21 FUNCTION YINTfX.Y,!, XINT) 

DS- 
A tj — X l 

P2=      ^ ~ ?* 

D3 
Xu-Xiz 

YINT -,yii+(XINT-Xi8)PI +(XINT-XiXXINT- Xl)P3 

 I__ 
RETURN 

B-31 
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APPEHPtX  C 

PROGRAM LISTING AND SYMBOLS 

1. LIST OF FORTRAN SYMBOLS €-1 

2. PROGRAM LISTINGS C-9 

501 MAIN PROGRAM <--12 

502 Subroutine START C-16 

SO 3 Subroutine READIN C-17 

504 Subroutine WRITE 1 C-21 

505 Subroutine WRITE 2 C-24 

506 Subroutine MATRIX C-25 

S07A Subroutine DER C-26 

S07B PREFERENTIAL FLOW I, U, IH c-30 

508 Subroutine SUB1 C-3S 

509 Subroutine SUB 2 C-36 

510 Subroutine SÜB4 C-37 

Sil Subroutine SUBS C-38 

512 Subroutine SUB6 C-39 

513 Subroutine TEST1 C-40 

514 Subroutine TEST2 C-41 

Si5 Subroutine TEST3 C-42 

516 Subroutine OVRFLW C-43 

517 Subroutine LCOUNT C-44 

518 Subroutine STOP C-45 

519 Subroutine SIMSOL C-46 

520 Function DERT C-48 

521 Function YIN1 C-4S 

322 Common and Dimension Statements C-50 



APPENDIX C    PROGRAM LISTING AND SYMBOLS 

1.        LAst of Forta-an Symbolfl 

Tfee Fortran Symbols Hsied h*re ara jjlven In «IpK^bfitlcai Of^n 

The corresposidisg report symbols and their meaning are aieo 

given in this section. 

G-l 



411 s3) AiKO^y INITIAL COMOITIO^I POR A tHt~m imEmhftsm ifirsevÄt. 

AIICO» AIKU)-? UPDATED   UMITIAL   COMSIT?!»«   fM A  ß-K-ä   !*rfö?VAL 

ÄltCU)«Mrt 

*ST«3> Airu>-j IJPOATfD   VALUE   IN   A   R-iO-R   fWl^äAkTtCW   INTgRVAL 
AiTfZ) - T 
AlK^-MsV 

*IT1«3) AlTiCn-jr, UPDATED   VALUE   IN  A   R-K'-ß   INTERVAL»   FULL   INT#   STEP  SI fit 
AlTifin-T, 
A!Tl(3)«MW1 

A2H4) AZKO-C INITIAL   CONDITION  FO«  A  R-K-R   INTEGRATION   INTERVAL 

A?I«; = ^ 

ASIC(A)     AiIC(l).Ü    UPDATED INITIAL CONDITION IN A R-K-fi INTERVAL 
A2lC«)»p 
A2rC(3)«^ 

A2Tf4) A2Til)=U UPDATED  VALUE   IN  A  R-K-R   INTESRÄTION   INTERVAL 
A2T(Z)-f 

A2T(4)»A 

~2TM4»     AZTUDmU,    UPDATED VALUE IN A «-«-R INTERVAL« FULL INT» STEP  S2ZE 
AZTI <2)«(>, 
A2Tl(5>-f( 

A2TK4)-Ä1 

A3KJ) T, j-l,,..^ INITIAL COWOITIOM FOR A R-K-R INTCSRATIOM INTERVAL 

ASICCJi Vj i-t,,.#,S UPDATED INITIAL CONDITION IN A R-K-R INTERVAL 

A3TIJ} |j ]»fr.^S UPDATED VALUE tM A R-K^9 INTEGRATION INTf VAL 

C»2 

"rT?— 



*3Ti <Jl 

A4ItJ) 

A4lCiJ1 

A4TIJ» 

A«T1*J> 

AKFIU? 

AL^MÄ(4) 

ALPIJ(J*KI 

S(4S«45) 

SETA(4 I 

aETAK! > 

SETAJJUtJ» 

Ct45»4S> 

CAOl» 

CAIJC!«J} 

COf{IJ 

CEJLPCJ.L) 

CE„a„PXM«l,) 

'"Hi KM 

CMIITCI } 

OCPMU 

CLP 

cp«wep 

A4. 

«J* 

ß\.j 

l«3 

to 

MW, 

■—-»*»•»*-*'    «r««s.vfc    * fv   ac    .«*<■**—«    i^««K.M«M«.«    r v^,l,     }#t4«    »»S»*    3i<Q£ 

INITIAL <:<»«5iTim« FI33 A «MNfl INTE<»ATIÖ« t^TEJWAL 

i^OA^O INITfAi. (TONOmaW m  A *-*»# SfiflWVAL 

UPÖATE?> VÄLl*? I« A R-K-*J I*rrEG«UTJON IMTE^V^ 

UPOATEC VALl« IN A »Hfe-« INTERVAL-» FULL INT« STEP SIZE 

FOSJWAao 0^ SACKWAPO RATE CONSTANT CCEFFICfEHT 

KW*6E~KUTTA fl i CMARDSOM COEFFt C i FNT 

NUMBER OF i ATOMS IN j SPECIES 

ARRAY OF CONSTANT COEFFICIENTS OF THE SET OF Sl*UL» EOS 

RUNSE-KUTTA-RICMAR!?SON COEFFICIENT 

FOR»ARO OR BACKWARD HATE CONSTANT COEFFICIENT 

ARRAY OF COEFFICIENTS OF THE SET OF SIMULTANEOUS EOS« 

INITIAL CROSS-SECTIONAL AREA 

VIBRATION-DISSOCIATION COUPLING INDICATOR 

SPECIFIC MEAT 

DENOTES WHICH SPECIES PRODUCTION RELAT!GN TO USE 

D1MENSIONLESS EMERGV OF ELECTRONIC LEVEL t 

ENERSV QF  ELECTRONIC LEVEL Ä 

OESREE OF WONEOUtLlBRIUM OF REACTION I 

DEORCE OF MOtSEQUtLimiUm  OF REACTION I   ON PREVIOUS STEP 

FORWARD OR BACKWARD RATE CONSTANT COEFFICIENT 

EQUILIBRIUM CONSTANT OF REACTION I 
X 

EQUILIBRIUM CONSTANT OF REACTION I 

REFERENCE LENÖTH 

REFERENCE MOLECULAR WEIGHT 

C-3 



CMJiJi «J 
CONJ C 

COPiKtfi) Cf^ 

COUNT 

CfsOP ^ 

CP*» f 

CQIJ<I*J) 8L; 

c«o R: 

CTOP Tc" 

CTP •r 

CTVJ<J> T,; 

CUOP u; 

CVJiJI 
Vj 

CWMJ) Ä, 

CWJIJI 
^ 

CXEJ(JJ 
^ 

CZKI) Zi 

DELY ^ 

DELVC ^y 

OELYP 
^START 

OEMNCJ» l©J 

ocvr 

OFIOtI) ^F:/(R.'T') 

DKPK!) 

eeccpjij) EECCCpj) 

EECHJiJ} EECChj) 

EECNUJ C J} E£CC/i'/T) 

C-4 

NUS»^» W VISRATIONAl. C11«a.S 

4I»3228«C»0*CT0P 

COffFFICteNT OF X»*(N-1) !>* 8, £a Pa.^*««»!»!. 

Lit« COUNTCP 

PCrERENCE PPESSUPE 

PPESSIWE 

OlME«*SfONLESS RATE OF PRODUCTION 

ÖAS   CONSTANT,    1.98647   <CÄL/MOLE-et<} 

PEFEPEMCE TEMPEPATURE 

TEMPEPÄTUPE 

VIBRAT IONAL TEMPERATURE 

REFERENCE VELOCITY 

VIBRATIONAL COUPLING FACTOR 

DENOTES »MICH SPECIES PRODUCTION RELATION VQ USE 

Övjfi/Tv,-- l/T] 

NOT USED» AVAILABLE FOR FURTHER SPECIES DESCRIPTION 

DENOTES WHiCW SPECIES PRODUCTION RELATION TO USE 

RUN^E-KUTTA-RICMARDSON  FULL   VTEP   SiZE 

RUNSE-KUTTA-RICMAROSON  l«>DATEO   STEP   SIZE 

STARTING VALUE OF STEP SIZE FOR R-K-R INTEGRATION 

NUMBER DENSITY OF SPECIESJ 

RESIDUE IN A R-K-R INTERVAL 

CHAN«^ IN STÄNCARO FREE ENCROY FOR REACTION I 

FORWARD OR BACKWARD RATE CONSTANT COEFFICIENT 

ELECTRONIC EXCITATION CONTRIBUTION FOR CCPJJJ» 

ELECTRONIC EXCITATION CONTRIBUTION FOR SKjr^J 

ELECTRONIC EXCITATION CONTRIfJUTlON F<^ SUiOUTtJJ 

m— *""'■ iiUJtj 



EOF 2 

cpF :' 
I 

CPSJCJ) 

EPSj'.^t J) 

6AMMAO 

GJOP<J) 

IBETAK! > 

!BET!JCI»JJ 

IBOP 

ICAUCIf J) 

ICON 

lüELXC 

tCXT !1 

!FÄ!L 

I GO 

JISF 

fISFP! 

!ISG 

fNOSUM 

j:0<»»(K) 

!POT 

ISKIND 

I RUN 

!SG 

^Joo 

')i 

TGST j 

s. s. c. 

DUMP^ 

•f+l 

9 

E.E. 

R"R tMt 

INOiCATO» FOR WRITING FNO OF FILE QH  I.TiRE 2 

INDICATO» FOR «»«|T|NS END OF  FILE ON TAPE 3 

VfBRrtTJONAL ENERGY 

VIBRATIONAL ENERGY ?T LOCAL TRANSLATIONAL TEW»ERATURt 

NwWBER CF ATOMS PER MOLECULE 

TEST PAR/"METER»  j= !••••• 15 

NOT USED« AVAILABLE FOf^ FURTHER SPECIFICATION 

REFERENCE SPECIES CONCENTRATION 

S 

^ ■■■:-' 

INDICATOR FOR BOUNDARY CONDITION 

VIBRATION-D.SSOCIATION COUPLING INDICATOR 

NOT USED« AVAILABLE FOR FURTHER SPECIFICATION 

SUCCESSFUL STEP COUNTER 

INDICATOR FOR OPTIONAL OUTPUT ON TAPE 2 

TEST It    (FIXED POINT) 

MAIN PROGRAM FAILURE INDICATOR 

STARTING ADDRESS OF THIS PRCGRA« 

DEFINE VIBRATIONAL NONTQUILIBRI UM RANGE 

ISF * 1 

DEFINE VIBRATIONAL NONEQUILI5~IUM RANGE 

INDICATOR FOR ELECTRONIC EXCITATION 

ORDER OF BOUNDARY CONDITION POLYNOMIAL 

INDICATOR FOR  B« C» POLYNOMIAL OR TABLE 

INDICATOR FC» THE FOUR LOCATIONS IN A R-K-R INTERVAL 

RUN TDENTIFICATION 

NUMBER OF ELEMENTS 

C-5 



ISCPI C+i 

ISF f 

ISFP! 4+, 

IS6 g 

fSGPt g+! 

IS» r 

ISS S 

ISTART 

I STOP NS» 

tYST 

KriiNDtn 

Wl M+l 

MSU»J(J) Wj 

MX S+g-f 

MXl MX+' 

MX2 MX+2 

MX3 MX+g 

MX4 MX+4 

MX+ 5 

NC 

NOR 

wüicn £;■ 

Nuiap(i«-J> z/y 

RENDtK) 

RSSTCKJ 

C-6 

ISC   +   1 

OCFINC VIBRATION«».  NONEOülttSRfUM  RAfrKSE 

ISP  ♦   1 

OC.rlNff  VIBRATIONAL   NONEQUILIBRIU«  RAN6E 

IS€  *   1 

NUMBER OF REACTIONS 

NUMBER OF SPECIES 

FINISHED NUMBER OF SET;, OF DATA 

NUMBER OF SETS OF DATA 

STARTING STEP INDICATOR 

INDICATOR FOR OIRECTI-/; CF REACTION RATE CONSTANT 

INDEX FOR LOCATING ELEMENTS IN 8 AND C k      EYS 

INDEX FOR LOCATING ELEMENTS IN B AND C ARREYS 

NUMBER OF ELECTRONIC LEVELSt MAXIMUM OF 3 

INDEX FOR LOCATING ELEMENTS IN 8 AND C ARREYS 

INDEX FOR LOCATING ELEMENTS !N B AND C AOoeyS 

INDEX FOR LOCATING ELEMENTS IN B AND C ARREYS 

INDEX FOR LOCATING ELEMENTS IN B AND C ARREYS 

INDEX FOR LOCATING ELEMENTS IN 8 AND C ARREYS 

INDEX FOR LOCATING ELEMENTS IN B AND C ARREYS 

INDICATOR FOR FULL OR HALF INTEGRATION STEP SIZE 

NUMBER OF 8« C# POLYNOMIALS USED« MAXIMUM OF 3 

LEFT-HAND SIDE STOICMIOMETRIC COEFFICIENTS 

RIGHT-HAND SIDE STOICMIOMETRIC COEFFICIENTS 

ENDING VALUE OF < REGION COVERED BY 8« C* POLY. >*; 

STARTING VALUE OF A REGION COVERED BY e# C« POLY,. 



SfMOOP e; 
SÄJCJI aJ 
SBJt," bj 

SSJLfJ*UI 9ji 

SHJijy hi 
SHJOiJ} Hj 

SMJOPtJ) ^r 
SfCUKI) *ä1 

SKFten M 
SKPlINd ) *^ 

SPECK« If?) 

-     SPECJK(J»4) 

SUJOOT C J) /.J/T 
'     TAÜA^tJ» S 

TAUBMJI S 
TAUCJCJ) ^ 

TAUDJ(J) ^ 

TÄUJPCJ) ^j 
TCMP» T 

THCVJ{J» Övj 

THCVJPCJ) e^ 

TPUOOJ 

TSCALE 

TVflOO» 

XA 

X8 
»- 

xc 

RS-FÄWt*«Ct DENSITY 

CONSTANT N» CHCMICML. POTENTIAL 

OESENEWACV OF ELECTRONIC LEVEL X 

ENTHALPY INCLUOIN« HEAT OF FORMATION 

HEAT OF FORNATION 

HEAT OF FO*?MATION 

SACKWAPO REACTION PATE CONSTANT 

FORWARD REACTION RATE CONSTANT 

FORIFARO REACTION RATC COFöTANT AT VIBRATIONAL EOULL» 

REACTION IDENTIFICATION 

SPECIES LOCNTIFICATION 

CHEMICAL POTENTIAL OF SPECIES 

DESCRIBES VISSA^IONAL RELAXATION TJME« TAUJP«J} 

DESCRIBES VIBRATIONAL RELAXATION TIME« TAUJP(J) 

DESCRIBES VISR^IONAL RELAXATION TIME» TAUJPFJ» 

DESCRIBES VIBRäTIONAL RELAXATION TIME« TAUJP«J» 

VIBRATLONAL RELAXATION TIME OF SPECIES 

TEMPERATURE 

CHARACTERISTIC VIBRATIONAL TEMPERATURE 

CHARACTERISTIC VIBRATIONAL TEMPERATURE 

FUNCTION VALUES IN THE TABLE OF ©• C, 

CU0P»»2»CMW0P/(4 »1850!4E7*CR0*CT0P » 

Y VALUES IN THE TABLE OF B, C« 

0.5*TSCALE 

6,O22E23/iCR0«CTOP> 

CMWOP#CLP/CCUOP«RHOOP) 

 ■ 



XIA2{4> 

X1A2(3)-P 
X1A2 (4) • A 

ACCUMULATK»!  f.ÖÜWTE« PO«  TMS H-K-H   |NC«C«CNTAL  Wft^yCS 

SIA3CJ} 

XlA«tJI 

XLAMJCJ) 

XLCT 

XNUttt > 

XNU!J(<!.J) 

X^AiIJP<!«JJ 

YPREV 

VSTOP 

YSTOPP 

T   j«!,...^ ACCUJWJLATION  COWiTC« FOR  TMg R-X-S   INCHg^WTAL  VAki^S 

£j jarf+i,...^     ACCUSE AT ION  COUNTKH  FOR  THE  R-K-R   INCREMENTAI.  VAU^ES 

X; VISRATIONAL  RELAXATION  DtSTANCE 

2/: 

'ST0P 

^ST*f 

in«T) 

LEFT-HAND SIDE STOICMIOMETRfC COEFFICIENTS 

»I6HT-HAN0 StOe STOICHIOMETRIC COEFFICIENTS 

LAST VALUE OF y FOR WHICH f^SULTS WERE PRINTED 

YSTOPP/CLP 

VALUE OF STREAMWISE DISTANCE THAT WILL TEKNINATE RUN 

C-8 
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2.        Profgfcm liiitiagB 

This s^cticn preserits ia€ complete Totixmu tV limU&§B öl the 

main program, as well as all tit« subrouti&es of «he stxeamtube 

program.     The functions of all the sabrou$ines are described as 

Üollows: 

52 Sübrotttine START 

Performs initialization of variables and definition of constants 

for the Runge-Kutta-Richardaon method. 

53 Subroutine READIN 

Reads in and writes out all input   data on tape #4. 

54 Subroutine WRITE 1 

Writes headings and output formats on tape #4 

55 Subroutine WRITE Z 
■ 

Writes results on tape #4.    I £ sense switch 6 is on it prints 

%l in each paragraph on tape #4. if    sense switch 5 is on it 

prints    Q;:      on tape #3. 

Sfe    Subroutine MATRIX 

Initializes the matrix for solving simultaneous line«? equations. 

57 Subroutine PER 

Computes the derivatives of every variable with respect to   V   . 

58 Subroutine SUB  1 

Writes optional output» on tape #2 

59 Svibroutine  SUB 2 

. «h 
Computes vibrational relaxation time of the   .      species in 

Öse   4-+ 1 ■-* 3   range. C-f 

...     '   .il::ul1 '■■L!1^ ■*rr'w.•••"•      .MM!    V"" ""-"'"^ ■""-'■;■■■" ■ ■ -r-»-^-" - 



C»10 

SIO  Sabroattee  SÜB4 

Computes the forward rate coastäst 

SU Subroutine   SOB 5 

Writes optional output» on tape #E, if ■ease switch 1 is m, 

SIZ Subroutine   SUBS 

Computes the electron excitation contributions to fee thermo- 

chemical properties   -4] y ^j.< r j 

S13 Subroutine   TEST 1 

Performs output printing step size test, and also makejs 

suitable adjjbstments on    "jf 

S14 Sub routine   TEST 2 

Performs the tests for negative *I,£I/ T and    A 

Si5 Subroutine TESTä 

Perfjorms residue teat for the Runge-Kutta-Richardson method. 

If the testjfails,, it halves the integration step size. 

S16  Subroutine   OVERFLW 

itone ] Calls subroutine FPT which is a library subroutine to skip the 

floating-point overflow trap. 

S11 Subroutine LCOUNT 

Tape #4 pü-jwi ejector 

518 Subroutine STOP 

Performs computing termination test for each set of data in 

this run; 

519 Subrouiine SIMSO.L 

Solves the set of simultaneous linear equations by Grauss* met'- »d« 



Camputes derivativ«« of bound&yy condSMoa is»efios wi& Ttipwl 

tr streamwise distance»   y  , from t&« boiiMary coadlHon teUe fef 

Foward Gregory »Newton formula. 

521 Function YINT 

Interpolate 3 boundary condition function from the boundary 

condition table by second-order Newton divided-differences method. 

522 Common and Dimension Statements 

Used with the main program and all th; subprograms except sub- 

routine SMSOL, fun-tion  YINT   and function  DERT. 
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rSTART-O 
ASSISN 5000 TO 160 

mf\An 0*&t   S   «TÄßV 

SöOl CAUL READIN 
tYST.O 

SÖ02 IISPPI-ISF+I 
5003 fIS6*!S6 
S004 CALL WRITE ! 

ieXTU«CXTRAJ(m 
S020 ISCPl«!SC*t 
S030 isrpi»isr+i 
3040 1S6P1»ISG4-I 

IISF > isr 
5840 ««4+ISS+ISG-ISF 
5250 Ml-M+1 
5260 MX-ISG-ISF+ISS 
5270 MXl»MX+i 
5280 MX2»«X+2 
5290 «X3»«X*3 
5300 MX4«MX-f4 

MX5-MX-J-5 
3301 CALL MATRIX 
5310 OELY.DCLYP/CLP 

VSTOP«YSTOPP/CLP 
CRO»1,98647 

5330  TSCALE»(CUOP»CUOP»CMWOP)/(CR0#CT0P»4•18501♦£♦7 > 
XC» < CMW0P»CLP)/(CU0P»RH00P) 
!OELXC*0 
X8«6« 022E-t-23/ (CR0*CTOP > 
XA s •5«CU0P»CU0P » C«W0P/{4«185014E*07 »CRO » CTOP) 
YPREV  •  -!.0 

33«0 DO S370    J»i»lSS«i 
5350 THEVJ(J^«THEVJP(J) /CTOP 
5360 SHJO(J)« SHJOP<J) /<CRO#CTOP) 
5370 SAJ{J)»S8J<J»+«5»(5«0+ 2»0»(ETAJCJ}-t«0))«ÄL0ö(CTÖP) 
53eo oo 54oo  i»:«isr,,i 
S39Ö DO 5400   Jsl«ISS«l 
3400  8ETAIjn«J)   »XNUJ vlP{ I t*l»-XNUI Jf! • J) 
5410   00  5460   !«l«ISR.l 
5420   XNUH I )«0«0 
5430  8ETAin>»0»0 
5440   HO  5460     J«|*ISS«1 
5430   XNUK n«XNUn!)   -fXNUUntJ) 
3460  8ETAI (I}«8ETAI { n+8ETÄ|J{ I, J) 
7000  OO        7050     J«I«!SS«! 
7010  00     7020     L«l»8»l 
7020  CEJLPC J»LJ«CEJLPXIJ«L>/(3*29820E~24*CT0P) 
7030  EECMJ{J)«0«0 
7040 EECNUJtJJ»0.0 
7030 EECCPJ<J)«0.0 
7060 CON1«CRO»CTOP»4*13228E4CI 
7670 00 7120    I«l«ISR.l 
7080 00  7100    JM«1SS«1 

—•—2=^3^ 
^^^■^■^^-■■IL ■±^^^s~=5L 

mi 
1 

Sftt 9 

m 
Sei w 
sei i 
mi f- 
mt • 
i#i i 
sot fO 
sot It 
set It 
sot IS 
set 14 
sot IS 
sot 16 
sot It 
sot IS 
SOI If 
sot 20 
sot 21 
sot 2£ 
sot 113 
SOI 24  * 
£01 28 
sot 26 
SOI 2?  , 
SOI 2S 
SOI 29 
SOI 30 
sot 31 
soi 32 
SOI 33 
sot 34 
sot 35 
sot 3S 
SOI 37 
sot 36 
sot 39 
SOI 40 
SOI A? 
SOI «2 
$01 43 
SOI -4 
sot 4S 
sot 46 
SOI 47 
sot 40 
SOI 49  ' 
SOI 30 
sot St 
sot 98  . 
sti »3 
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7i00 
?I10 
7lt0 

5610 
9611 
8612 

SSI 9 

5661 

5670 

3671 
S68Ö 
56St 
5690 
5700 
5710 
3711 
5720 
S6!3 

S723 
S7g« 

IBETlJ(!«J}«seTAtJ{t<Jl 
I8ETA!({»«BSTA|(n 
m/tit}«xNut(i» 
A2H4»»C*0P 
IF i   OELV - eXTRÄJtl4> IS6H»S6|1««#I« 
W!*|TE<6»961g) lRüW«ÄlTäl l«Dei»¥ 
FORMAT«6X*4J#!ÜN ^ft^H  SKIP»PeO«SM6H*T 
1START«ISTART*1 
60 TO 5000 
00 3670 vl)üi«3«l 
AlTfJ)«ASt(J) 
Al ICCJjBÄlICJ» 
ASfC<w>i3A2!{J) 
A2T<JJ»Ä2t«JJ 
A2tC{4)«A2l(4) 
Ä2Tt4l»A2l!4} 
00  5690  J-tttSStl 
A3IC(J)BA3I(J) 

A3T(J)« A31(J) 
IFUSS-ISFPt J   5613»5710*37ie 
DO     5720        J«ISFP!,ISS»1 
A4IC{J^<A4f(J) 
A4T(J>»A4I(J) 
NC«1 
IFCIPOT«eQ,   0>   00  TO  3614 
00  5723   JmlvWm 
IF(A1T(1I.LT.TVCJJ)   GO  TO   5724 
CONTINUE 

IFdRAUeQ«   1)    1RA1«2 
IFCIRAi.GF.NOR»    |RAl«NO«-l 
Ä2T<feOP)wYINT«7Y»TP.lRAI«ÄlT(lH 
DELYC-DEUV/FLOAT(i^, > 
00  6240   IC«1«NC 
DO  57A0   J«}«4*1 
X|«?(J)«0,0 
DO  5770   JB|«20«I 
X|A3(JI«O«0 
K!A4C^I*ö«0 
DO       6130 Ht"t«4«l 
tRKlN0*ttl 
IFÄIL   •   0 
CALL  TEST2 
IFUFAIL»   5610«5800*5.»10 
CALL  DER 
1F(NC*NE.1   »OR,   tC»NStn   GO  TO  5820 
!FAIL«0 
CALL   TEST1 
IFCIFAJL» 5610#5820«5610 
IFCII1 iMÜ« 1) GO TO 5809 
IF(IC *NE« NCI GO TO 5809 
DO 5801 J«U3 
AIIC^IMAITCJI 

¥  «EI8#i»flK4fW  «S!«#l| gsM 

S§l m 
SOS m 
S#i #11 
S9i m 
SSI m 
SOI m 
sss m 
SOI fö 
SOI 71 
SOJ n 
sei 73 
SOI 74 
SO 2 79 
SOI 7* 
SOS 7t 
SCI 7® 
SOI 79 
sot 80 
SOI m 
SOI m 
SOI 83 
SO! m 
sot m 
sot m 
SOI 8? 
sot 68 
SOI 89 
SOI 9«J 
SOI f»i 
SO- 92 
SO! 93 
SO! 94 
SOI 99 
SGI 96 
SOI 97 
SO! 98 
SOI 99 
sot ioe 
sot SOI 
SOI 102 
SOI 103 
SOI 10* 
SOI 105 
SOI 106 

C.li 



3S0I *2ICCJi*ÄgT(*H 
A3ICC4)'«*2Tt4« 
DO SSÖC J«!»lij 

5S02 Ä3iC'vl>»A3T«J> 
1P(«IS6<-!SFP| » «LT« 0 J GO TO 5809 
00 »603  JelSFPttlSG 

5003   A4IC«J>«A4T{JJ 
3809  JJ*0 

0ELYC*0ei.Y/FLOAT «NC) 
5830   IFUISG-lISFPn   5930.5840«5840 
5340  DO 5920   J« ! tSFPt t USG*1 
5850   JJ^JJ+i 
5860     TEWM «OeLYC»8(JJtMl> 
5870   KIÄ4( J>«X!A4<JJ+AtPM# <H1 »»TCWsi 
5890   Ä4T{»JJ=A4!CU>'»-8£TA(III J»TS«P1 
5920   CONTINUE 
5930   TeMP2»0#0 

DO  6010     J»1.ISS«1 
5940  JJMISS-IISF+J 
5950   TE(k»»|*DcLYC»B«JJ»Ml > 
5960   XIA3« J)«X1A3<J)+ÄI.PHA(1II >»TEMP1 
5980   A3T<J>»A3IC<J)*3eTA(llI»»TENP1 
60tO   TEMP2«   TE«P2   +   A3TfJ) 
6020   DO     6!00        J«l,4»t 
6030   JJ»MX5-J 
6040   TEMPI«OEUYC»S(JJ.Mt) 
6050   X|A2{ J)3XIA2(J)-fALPHA(| tl »»TEMPI 
6070   Ä2T(Jj«A2IC(J>+BE7Änil »»TEMPI 
6100   CONTINUE 
61 tO   AITU >«Al!C(t >+BETA<I!l )»DELYC 
6120 &tT{3»«l«0/TEMP2 
6121 AtT(2)»A2T(3)»AlT(3J»TSCALE/A2T{2) 
6130   CONTINUg 
6140   IFCIISG-nSFPU   6S70*6150«6150 
6150   DO  6160   J«nSFPl«llSG«l 
6160   A4T(JJ»Ä4IC{J>-«>X!A4(JJ/6«0 
6170  TEMP2«Q,0 
6180  DO     6200  J»1«ISS«1 
6190   A3TfJj«'A31C<J>4-XlA3(J)/6«0 
6200  TEIi«!»2«TeMP2+A3T(J» 
6210   DO     6220 J*l«4.i 
6220   AaTCJJ«A2!C(^)+XlA2<J)/6«0 
6230  AlT<3>«t»0/TeMP2 

ÄSTi2»oA2T<3>»AlTJ3J»TSCALE/A2T(2» 
6240 CONTINUE 
6241 SO TO «6£1>2«6247l» NC 
6242 NC^ 
62»3  DO 6244  J*i,3 

A|TUJJ»AtT«Jt 
A2TltJ}«A2TCJ) 
i.tT(J|»At !{J» 

6244  Ä2Tf J1i«A2IU) 
A2TS<4»«A2T(4) 

1ÖJ   107 
SOI   IÖS 
sei i8¥ 
881   lt# 
soi in 
sot iii 
tot   113 
SOI   114 
soi us 
SOI 116 
SOS 1S7 
SOI 118 
SOt 119 
SOI ISO 
SOI 121 
S8t 122 
SOt 123 
soi im 
SOt 125 
SOI 126 
SOI 127 
SOI 128 
SOI 129 
SOI 130 
SOI 131 
SOI 13* 
SOt 1321 
SOt 134 
SOI 138 
SOI 136 
SOI 137 
SOI 138 
301 139 
SOt 140 
SOI 141 
301 142 
SCI 143 
301 144 
SOt 145 
SOt 146 
SOI 147 
SQI 148 
SOS 149 
SOI 180 
SOt 151 
SOS 192 
SOI 193 
SOI 194 
SOI 139 
SOI 196 
SOI 197 
SOS 198 
SOt 199 
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4245  A3T,%Jj»A3f <J» 
IFnilS6-I ISFPi>«LT#Ol   SO  TO  5614 
00 6246  J»nSFPI»IlSG 
A4T1{J>3A«T(J) 

6246 A4T(J)«A4IiJi 
GO   TO   5614 

6247 |F(U ISG-I ISFPli ^LT,0)   GO   TO  6250 
IFAIL-O 
CALL   TeST3<A4T»A4TltIISrPI»IISG   «4> 
IFUPAlL.NE.Ot   GO  TO  5610 
00  6246   J»IISFP»l»lISG 

6248 A4T(J}«A4T   IJJ+JA4T(J»-A4Tl(J»»/IS« 
6250 TEMIP2*0*0 

IFÄIL«0 
CALL TEST3<Ä3-*A3T|tl«|SS»3> 
tF(IFAlL«NE»0) SO TO 56!0 
00 6249 J»l*ISS 
A3T(JJsA3T ( J)4-«Ä3T« J»~Ä3T1 (J) )/15« 
TEMP2«TE«P2"»'A3T(JJ 

6249 CONTINUE 
IFAIL-O 
CALL TCST3{A2T.A2T1 »l»«^» 
!F«IFAIL «NE« 0> GO TO 5610 
00 6251 J*l«4 

6251 A2T(Jij»Ä2TtJ)+(A2T(J)-«2Tl CJn/15» 
AlT(3»«U0/TEW»2 
A!T{2)»A2TC3>#AtT(3)*TSCALE/Ä2T<2) 

6260 GO TO 5613 
EMO 

*#* !6@ 
SOI 161 
SOI !*t 
SOI 163 
SOi 164 
SOS 163 
SOI l#5 
SOI i6T 
sei toi 
SOt 169 
SOt 170 
SOI 171 
SO! 172 
SOI 173 
SOI 174 
SOI ITS 
SOI 176 
SOI 177 
SO? 178 
SOI 179 
301 160 
SOI 181 
SOt 182 
SOI 183 
SOt 184 
SOI \B3 
SOt 186 
SOt 187 
SOI 188 
SOI !#P 
SOI 190 
SO! !9t 
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SUSfcOUTINf   STAQT 
CALL ÜVRFLW 

1000 00     1040     J«l*3«l 
1010 A|HJI«0«U 
1080 illTUi«O»0 
1030 Ä2ltJ}«0»0 
10^ A2TtJ)»0»0 
1043 A21(4)»0*0 
1042 A2Tt4)«0»0 
lOSO DO  1090        J«1»£0«1 
loeo Ä3HJ)«0«0 
1070 A3T(J)ao.O 
1060 A4l(J)sO«0 
1090 A4T«J)*0»0 
uoo C0F2»O»O 
nio gOF3«0«0 
1120 ALPHA(1>»1»0 
1130 ALPHA«2>»2.0 
1140 ALPHA|3!«S.O 
1150 ALPHAf4|«l#0 
1160 S^TAI15»   *5 
1170 8CTAJ2»«»5 
1180 agfA<3»«U0 
1190 eCTA<4l»U0 
1200 R£TURN 

END 

v^.S ■1 
^S » 
SOiT 
sea c 
sot 9 
set « 
sot ^ 

¥ 

sog 8 
sot 9 
sot 80 
SOt 11 
SSE is 
sot 13 
sot 14 
SOS IS 
soa l# 
sot t? 
sot 18 
sot %9 
sot to 
sot gl 
S02 m 
«^t 23 
sot 24 
S02 ts 
so2   m 
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SUBÄOUTINK   R£ÄOIM ^3 
DIMENSION   ISGJLtS)«   NALPIJC20)«    IPPi*} S©2I 
1MTEGER     OSQ1 s   QQQä^   €M3Q4e   0009*   OflfetA»   GiJQT«. PPPl •   WPA                             JHI3 

C              ALPHAWeftiC   WORDS   IN   INTCae«!  FORM ^©3 < 
C              QQQ2   ■   COMP, |SS 

C     0604 »    NO *»S 

G004 «-17997957478 sc- 
C     0005 »   YES ^^ 

0005 .-17997989234 Sö3 10 
C     ÖOC- «FCWW ^Ö3 il 

0006 « 24275826544 s53 It 
C     0007 «REV "^ l3 

0007 *-?0030091312 S03 !4 
C     !RP<1J« VEL« SÖ3 ^5 

jp^tl j-,-18074711792 ^3 '* 
C     !PP(2?« RMO *1"3 i? 

!PP<2)»-|7S74185264 S03 l* 
C             |PP<3)«PRESS» s53 J* 

IPP«3»«-S20977id75 SCS 20 
C              fPP(4)«   AREA S03 tt 

{ppj«)«   17475916912 S03 22 
112J   READ   1130» !RUN» ISS. ISR.ISE« ISO» !SCUBOP»IN0SUM»!OUNP»DCLVPfYST0PP  S03 23 

1130  ^OR«AT(A6«ei3«2E10«4j S03 t* 
1140  READ   115OeCP0P»RHO0P»CT0P«GAMIilAO«CA0P«CUOP«CM«0P«CLP S03 25 
1150   FORMAT   <ÖE9.5> s^3 26 

1160  READ   1170» (EXTRAJi<J)»J«l«15«n S03 *T 
1170   FORMAT   {SF14,T) 93 28 
1180   DO   :?30        JM«ISS»1 '03 8* 
1190   READ   l200»eTAJ(J»«   SDJ<J)«THEVJP(J)«SHJOP<J)«CNJ<J)»CXEJ(J) S03 30 

1200   Ff>aMAT(oE12«6» s<53 31 
1210   READ   12J»0»    TAUAJ« J) »TAUBJf J) »TAUCJ« J      TÄÜDJIJ ) « CSPEC JK( J»K } sK*! »4 ISÖJ 3£ 
1220   F0RMÄT<4E!2.6»4A6                      ) "            s03 33 
1230   READ   1240.MSUMJIJ)» <S0JL(J»L)«L«I»8»n«<CEJ <( J»L) »L«l »8« 1 )                S03 34 
1240   FORMAT? 12«8F2.0/aE9.-5) S03 35 
1270   DO        1300           )ri,ISR»l S03 36 
!280  READ   i290«C«I<I)«CZ1(I)«CDl(I)«(XNUIJP(1«J).J«l*20)♦ S03 37 

1            (XNUlj;i»J)iJal «SOLtCAUd» J>«J»i«2e) S03 38 
1290   FORMAT   ( 3F2,0»2Cr 1 (.0.20F1 ,0.20F1 ,0 ) S03 39 

.   13CC   READ   13lO.KFlIMD(n»AKF!<n»BKFnn«CKFI (I )»D»<FI f I )« (SPEC1»<(|«K)»   S03 40 

lK«lt2»l          ) S®3 4I 

1310   FORMATdAfAEiA.'^gMÖ) S03 42 
1320   DO      1330           J«I.ISC»* S03 43 
1330   READ   13409    ?ALPUd ♦ J) ♦ I« 1 » IS«» l ) '03 44 
1340  FORMAT   (20^2,0) S03 45 

!SFP3«ISF>1 S03 46 
1350   JFdSG-lSFPl)    1370»1360»1360 S03 «^ 
1360   READ   1170,    fA4HJ>j    J=!SFPl»fSG) S03 48 
1370  READ   1170»    (A3KJ)»   J*l»IS£) ^03 49 

READ   1170.   Al Ml ).A! ! C2)«A21<3).A2n2,.A2Id >»Ä1 1 (3)                                      S03 50 
C              |P0T«0   -   POLY«    1P0T«1   -   TABLE S03 51 

RSAO   l378«iM0K,t IPOT S03 52 
1378  FORMAT«213} S03 s3 
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IFUPOT.Ne,   Ot   §0  TO   1389 S^J g# 
tr79 DO   1382   IR«1*N0» ÜT? fpl 

»CAD   l3S0«!COPCmi.«£STnRMREN0CIRlt S©3 i# 
1380  »!,0RMATn3«2£.l4»7| 103 ft 
i38i toop. iRitttoopupn+i mi s» 

rop«ioop<iRj 183 m 
1382 »CAD   1170»    <COPn»»J}«   J»1«I0P) S©3 «S 

GO   TO   2000 J83 8t 
1383 READ !3«6. *TY{ IRj ,T|»U«J * IR«I ♦NO«) 503 8£ 
1366 FORMAT(2€f4*7) S03 83 
2O00 WRITE «4«200n S©3 8« 
200!   FORMAT(6Hl      RUN»5X«iHS»5X«IMR.SX.1HF»5X«1HS.5X«lMC*2XI4»«0UNOARV  €503 83 

i0ND*«3X«2HEE«e;x«5HOELYP«10X«6HYSrOPR*ö>(t4HOUMR} S©3 88 
2008 IFCINDSUM)   2011.2009«2011 S©3 87 
2009 PPP2-QQQ4 503 88 
2010 GO  TO  2012 S@3 67 
2011 PPP2.00Q5 503 TO 
2012 WRITE   {4.2013HRUN«ISS.ISR«ISr, iSG«ISC.*IPPU30Pj«PPP2»0ELVP»y5T0PP5d3 *ft 

1      »IDUW» 5©3 72 
2013 FOR«ÄT<lX«A6«I5«4!6.6X«A6.4XtÄ6»2X»lP2ElS«7«4X»in 503 73 
20i4 WRITE (4#20IS) 503 74 
201S  FOR«AT(lH0*4X«4MCP0P.ll>   JHRHO0P.nX«4MCT0PtlOX» S03 78 

1              4HCUOP»IOX»3MCMWOP»11X«3HCLP> 503 ?8 
2018 WRITE {4«20i7)CPOP»RHOOP«CTOP. CUOP«C«WOP»CI_P 503 77 
20!7 FORMAT(IPSEI5.7> 503 78 
ZOIB   WRITS.    <4»2019){EXT»4,j(JI«J«l«   5»    !> 503 79 
2019 FORMAT!S5H0     CONTROLS   AND«!P3E15e7J 503 80 
2020 WRITE    (4*2021 MEXTRAj(JHJa6.10»! ) 503 81 
2021 FORMATdSM        CONSTANTS        *1PSE13«7) 503 82 

WRITE   {4«3000) {E>'TRAJ<JJ.   J«! 1*15*1) 503 83 
3000   FORMAT   U5X«3P3E15«7» 503 84 
2022 WRITE   <4.2023> 503 85 
2023 FORMAT (I HO •UX«1HJ*6X«4HETAJ«11X«3HS&J«UX«6HTHEVJP*9X*3HSHJ0P* 11X503 86 

1 «3HC^äJ.^2X,4HCX0J) 503 87 
COUNT«11*0 503 88 

2024 Üö     2028  J<*1*ISS»1 503 89 
WRITE (4«20?S>J*ETAJ{J)«S8J<J»*TMEVJP<J)»SHJOP<J)*CNJ«^)»CXEJ(J)  503 90 

2025 FORMAftlIX.I2»2XtlP6E15*7) 503 91 
2026 COUNTaCCUNT+l«0 503 92 
2027 CALL LCOUNT S03 93 
2028 CONTINUE 503 94 
2029 WRITE «4.2030) S03 ^ 
2030 FORMAT(lM0.11X.lHJ*7X*Sn,AUÄJ.lOX.aMTAUBJ.IOX*SHTAUCJ*lOX*5HTAUOJ»S63 96 

113X * TH-OCC!ES) 303 97 
2031 COUNT »COUiNT-«.2«0 503 98 
2032 CALL LCOUNT 503 99 
2033 00  2038  J«l«JSS*l 503 100 
2034 WRITE <4.2035) J.TAUAJ( J)«TAUÖJl( J) «TAUCJ« J) *TAUDJC J) « (SPECJKS03 101 

1<J»K>.K«i«4*l ) 303 102 
2033 F0RMATI11X*I2.2X.1P4E1S»7.4A6) 503 103 
2036 .COUNT«COUNT-M.O S93 104 
2037 CALL LCOUNT 503 I OS 
2038 CONTINUE S03 106 
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2t*0   ^1f^AT<Jt€5M0  J  «  SSJt      2     3     4     3^7     OCCJIP             t 3 M   Sj 
j                            4                             5                             6                             7                             IT 1SS3  t^P 

20*S   CÖWT»COUNT+2»0 J*J   Jjf 
234t   CALL  LCOUNT ff*   *" 
20*3   DO     «030     J» I. ISS» I «M   *t* 
2044   00     204S     L-l»8.l gj   J*J 
2043   lSQJL<L»aSÄJLCJ«L> ™   »•* 
2046 WRITE   t4.2047} J««SU»Wlvl|* < lSöJLtL|.L«t • ^»i I • 'w3   Jf» 

j                                                                            CCe*«-PX<J»LJ«L«t»8»ll *®3   **• 
2047 r0«»«ATU3*lt*2X«8!3«FS«i.lP7E»2«S) ^3 J»J 
2048 COUNT»COUNT+1.0 ™ ••• 
2049 CALL LCOUNT ™ »»I 
2030 COK'INUe ™ JJJ 
2059 WRITE <4«2060> «.«Xf •« 
£OaO FORMATUOÄHO   I  Wl  ZI  01   NUIJP I     6    II    16 «WÖJ Jg 

UJ 1   3 6    I»    16     CAW 1     6    U    16» JJ3 l«J 
2061 COUMT»COUNTS.0 ^J J^ 
2062 00 2066  I»I.ISR»1 ^*   JJJ 
2063 00 2066  J*1«ISS«1 JfJ J» 
2064 NUIJP(I«J»»XNUIJPCI»J) J*' J*T 
2063 NUUd.Jl -XMUUd^» J?J JJJ 
2066 ICAIJII.Jl-CAIJd.J» ^f *3 
2067 00  2073    1-l.lSR.l ™ »JJ 
2068 NWI-CWHI» ™ JJi 
2069 NZI-CZICI» ™ If: 
2070 NO 1-COM n                                                                                       _        ^ ,«., ..^   IS 
2071 WRITE    <4»207!?H«NWI«N2I«MOI»<NUIJP(|»J)»^»1.20   »ll« {WIJC803   134 

I!»J».J-I.2ö •n.iieAiju.ji.j«!* 2ö«n J63 J» 
2072 F0RMATC3X«!2«2X»I2.2X.I2«2!<»I2»9X«SI1«1X«SII.1X*5H.1X»3II»9X«SII»S«3   136 

llX«5Il»lX.51l.lX.3Ii»6X,3n.lX.5ll    IX,5!1.1X»SI1I »63   IJ 
2073 COUNT.COUNT+1*0 ™ J^ 
2074 CALL LCOUNT tkl   ^ 
2073 CONTINUE «« -« 
2076 WRITE (4,2077)                                           »«3 **» 
2077 FORMAT(13H0D1RECTSON  I  .6X,4HAKFI . S lX,4HaKFI . 11X,4HCICFI «UX»    »63 14« 

14H0KFlU0Xf8HREACTION) JJJ^ JJt 
2078 COUNT-COUNT+2,0 JJ* J** 
2079 CALL LCOUNT JJf J*? 
2080 DO  2089    l«i.ISR*l J°3 JTi 
2081 IF <KFIIND<n)20&*«2082t2084 »63 »2^ 
2082 PPP1»0QQ6 JJJ J*J 
2083 SO TO 2083 2£ J*; 
2084 RPP1-OQQ7                                            t ..„^.«1, ll? 
2083 WRITE (4,20a6 5PPRl«I« AKFf(|i♦BKFI{I».CKFKIJ»0KFI<I» • (SPBCIS03 tSI 

1K(I*K)«K»1«2«11 JJJ JJ* 
2086 F0R«AT<3X*AÄ«2X»l2»2X»iP4ElS,7»3X«2A6» S«3 »S»3 

2087 COUNT »COUNT* UO *£? J** 
2088 CALL LCOUNT JJJ }" 
2089 CONTINUE ***   'r? 
2090 WRITE   (4»209n ™   *=: 
2091 FORMAT«lOMOÄLPJIC   J-U7X« JM3»ex«2H10«eX«2M15.ex»2M20> »03   I» 
2092 C0l«f «COUNT^g.O ^^   ,'* 
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~J93  CALL LCOUNT 
m94 oo aioj   j»i«rsc*i 
2099 00  2096    I»i«tSS«l 
2096 NAt,PlJ«n»ALPIJCI»J) 
2097 «RITE   (A«2098)J*CNALPIJ(I)*I>I*ISS<t) 
2090 FOftMAT(4X«I?*2Xt20l2> 
2099 COUNT «COUNT* WO 
2100 CALL  LCOUMT 
2101 CONTJNUE 

A21(4)»CA0P/CLP»*2 
2200 WRITe (4«2210> 
22X0 FORMATI/19H0INITIÄL C0N0ITI0NS/IH0»6XIHy»I4XIHÄ«I4XlHT»lAXlHPtI3X 

t 3HRH0«13X1HU*13X2HMW) 
WRITE <4«2017) Al t (1 )<A2I (4 )* At I (2 )• A£ t i3}« A2I (21* A2I (1 >«At H3> 
COUNT«C0UNT+6»0 
CALL LCOUNT 
WRITE (4*2220) CA31 <JJ«J«l.I SSJ 

222t FORMAT(1K0.3BX2MÖJ/(1P8EI5.7)) 
CnUNT«C0UNT+5«0 
CALL LCOUNT 
1F(ISG-ISFP1) 2250.2230•2230 

2230 WRITE C4«2240> iA4I(JJ»J«ISFP1♦ISGI 
2240 FORMAT(1 HO.57X4HEPSJ/nP8E15e7n 

COUNT»COUNT+S•0 
CALL LCOUNT 

2250 IFdPOT.NE.O) 00 TO 2260 
WRITE f4.2241) JPPCIBOP) 

2241 FORMAT (1 HO *15X5fWÄNSE»32XeMC0P.« OF »A6) 
COIMT«COUNT+2»0 
OO 2231 IR«1»N0R 
I0P»100P(1R) 
WRITE (4*2242) REST {IR) »RENOUR ) • <COP( IR* J) * J»l ♦ I0PJ 

2242 FORMAT«1PE15*7,3H T0E16*7.IM*«6E15o7«/(33X*IP6£15#7)> 
ELIN»iOOP(lR>/6+l 
COUNT « COUNT"*>EL IN 
CALL LCOUNT 

225} CONTINUE 
60 TO 2262 

2260 WR|TE(4«2261) |PP(|BOP)* (TY(IR)»TP<IR)« IR«!*NORJ 
2261 FORMAT«1H0,4QX*26HTABLE OF BOUNDARY COND« - «Aö^öH VS. Y*/ 

1   (lx2El6«8*lX2E16*B*lX2Ei6e8*lX2*!6»8)) 
EL IN»NOP/4+3 
COUNT«COUNT+ELIN 
CALL LCOUNT 

2262 RETURN 
END 

ssa tm 
t#3 im 
S#S tm 
sss im 
S^3 IS* 
SÖ3 im 
SS3 1*6 
S03 ,«» 
SOJ isa 
£03 !«• 
SO 3 170 
Sö3 171 
SOS 17« 
S03 173 
Sfl3 174 
S03 ITS 
$03 176 
S03 ir? 
S03 tt« 
503 179 
S03 ie© 
S03 IS! 
803 182 
S03 183 
S03 184 
S03 185 
S03 186 
S03 187 
S03 188 
S03 189 
SO 3 190 
S03 191 
SO 3 192 
S03 193 
S03 194 
S03 195 
S03 196 
S03 197 
S03 198 
S03 199 
S03 200 
S03 201 
S03 202 
S03 203 
S03 204 
S03 ^05 
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SUSRSUTINg «IliTS! 

iNTESEfl     Zt«   23«   24«   ZS«   20«   27«   28«  29«  8U«t;«   Hi«   X2«   K3«   *«* 
1 X9«  *t>*   X?«   WS«   X9«   XtO*  XI t«   XI2«.  XI3«   X44«  xts«    :3«* 
2 mr* Äi®. xi9« x2o«s 

21—17^7035137» 
C     23«   EPS 

23*-17*97647026 
C 24«   TVJ 

24«»179979707t" 
C     25«   CM1 

2S«-I7997837849 
C     26«     G 

26»-!7997988184 
C     27«     P 

27*-. 17997958183 
f 28»       RHO 

28«>-l 7997927974 
C 29«       VEL 

29«-I7997976792 
C BLNK« 

ili.NK—17997958192 
C XI   TO X2Ö  •   1   TO 20«   fiCSPCCTI VSfLT 

X»«-l7209429OC0 
X^--17228206256 
X3«-17242983472 
X4«-17259760686 
X5sr-*. 727^537904 
X6«-l7293313120 
X7«-173l009233e 
X8«-l7326869SSg 
X9«-l73*/36467#e 
K10«10eö5S«4#4 
XH«110330l6dO 
X12«U200788#S 
X13«||36856Hfr 
XI4«llS363i;3te 
X15«»I170410S44 
XI6«I187187760 
X17«!2039Ä4<r7» 
XI8«12207421$2 
XI9«123751940a 
X20«2t602662@8 
8(1)   »  XI 
8(2)   «  X2 
8<3>   m  X3 
6(41   «  X4 
8(5»   ■  XS 
6(6)   «  X6 
6(7)   •  X7 
6'8>   «  X8 
6(9)   •  X9 

WS» 1 
S#4 i 
S©4 a 
S04 « 
m* s 
§m m 
m* 7 
ms ® 
884 9 
S84 m 
S04 it 
S04 it 
m* 13 
8^4 14 
884 IS 
$04 18 
S04 17 
S04 18 
804 19 
S04 20 
804 21 
S04 22 
804 S3 
S04 24 
804 15 
804 28 
S04 «7 
804 28 
804 29 
304 30 
S04 31 
804 3S 
804 33 
804 34 
S04 35 
804 38 
804 37 
804 38 
804 39 
804 40 
804 41 
804 42 
804 43 
804 44 
804 49 
804 46 
804 47 
804 48 
S04 49 
804 90 
804 51 
SÖ4 92 
804 93 
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ano;« X10 
4(U>« XI1 
SUSI« X12 
6«13>« X13 
6I14M X14 
GUSl« Xi2 
©nei» XI« 
sn?)« XI7 
@tl8)* A i 8 
6(19)« X19 
&(20)> X20 
ISCP1 «   ISC-M 
COUNT» 0,0 

ice WJINT tOltlRUN 
101 rOIWT<4HlRUN.A6»2X« lHYtl3X«4»«)£LY »9X.2ÄHT 

IE) 
102 WRITE «4«io3nmiN 
103 FORWATCIHt.7X.4HRUN • A6) 
104 WHITE (4.1051 
105 roafAT U KO « SOX » 18HFORNAT FOR RESULTS) 

1090 WRITE C4.U005 

- sr^   m 

$04  5« 

se«   a© 
sei   »e 
so4   m 
504 «I 
504 OS 
504 S3 
504 6« 
504 OS 
504 50 
504 07 

RATIO OR TYPE OF FAILUHS04 60 
504 09 
504 70 
$04 Tt 
504 72 
504 73 
504 7« 

UOOOFORMATOH       Y« 14X* IHT« 14XtlHA« 14X* UjP* 13X«3HRH0« 13X*lHU« I3X«  504 75 
1       2MI»W) S04 76 

1110 WRITE (4«1120>(21.1.I«1».1SS.1) S04 77 
1120 FORMAT (a( 3>;«A6* I2*4X )/a(3X. A6« I2«4X)/4(3X«A6* 12«4X) > 504 79 

WRITE(4«10^ 304 79 
10   FORMAT(40X,42HNUMSER DENSITY PER C»   C. ■'OR EACH SPECIES    I      504 80 

CALL SSWTCH(6«K000FX> 504 81 
GO TO(2000»2002ItKOOOFX 504 82 

200C WRITE (4«200n(Z5«t«!«l«ISR*n 504 83 
2001 F0RMAT(8(2X«A6«I2«5X)/B(2X«A6«I2«SX)/B(2X«A6f!2«5X>/6(2X«A6*!2«3X)504 84 

I/S(2X*A0«I2«5X)   )                                                                                                                       504 89 
2002 IFUISO-IISFP! > 106*1150.1150 504 86 
1150 WRITE (4oU60)(Z3«S. t>I ISFP1 * IISG. 1) 904 87 
1160 F0RMAT(8(2X.A6.l2.5X)/a(i;X*A6.l2.5X)/4(2X.A6. I2.5X} ) 504 88 
1170 WRITE (4«U80)(Z4«I. I»! ISFPl o I ISG« 1 ) S04 89 
1180  FORMAT   {a(2X.A6.I2«5X>/8(2X.A6.I2.SX»/4(2X.A6«I2.5X)   1                               504 90 

106 WRITE   (4.107) 504 91 
107 FORMAT(//////SIX.16MFCRMAT  FOR  DUMPS) 504 9t 
108 WRITE   (4.109) S04 93 
109 F0RMAT(1H0.6X.1HY.14X.1HT.14X*2HMW.13X.1HU.13X«3HRH0.13X*1HP«12X«   50« 94 

13HRUN.4X.SHRKIND)                                                                                                                                    S04 99 
110 WRITE (4.lli)(2l.I.I-|.lSS.l) S04 96 

F0RMA7(6(3X.A6.I2.4X)/e(3X*A6.l2.4X)>'4(3X*A6. I2.4X)) SO« 97 
IFUISG-IISFPl )130«U2.112 S04 Ml 
WRITE (4.n3)(22.1. I'llSFPl • I ISG« 1 ) SO« 99 
F0f»«AT(8(2X.A6«I2.SX)/8(2X«A6*t2.3X)/4!2X.Ae.I2.SX)) SO« 100 
DO 114 JM.ISS.I S04 101 
WRITE (4.115)(J.ICM«8.1 ) SO« i©« 
FORMATCIOH           SUJGOT«I2«ax.4HCCPJ.!2.9X«4HEPS^.I2«9X.3NSHJ*!2t9X«6S04 103 

1>CPSJ|N.I2«9X.4HCTVJ.I2%8X.3MXLAMJ.I2«9X«3MCVJ«I2) 504 104 
116 00     117 I<>1«ISR»1 SO« 109 
117 WRITE   («.lt8)(I.K«t.7«l) 50« 106 



ri »W»*ATC3X»7Meet.T FI.I2«7X««frCKPt»I8»l®X»3>«aK:ttft««lS*#«SW 
1 tX«4HSKFI«I2.9X»4MSKBt«If.9X»«MCH|t *IÄS 

It9 nO     120   I«ieiSR»l 
!t0 WRtTl C««!Ä1H26»1»J» J«'5CPI «ISS» 1) 
121 FORWAT <a«3y.Ad«I2»I2»2X»| 
122 W«IT€ t4*'^3) 
123 FOR«ÄT«a20H  (PARTIALS OF VAHIABLES  LlSTH» BEUOV l^T ¥ 

1   8/L1NE 
12* |FttlSG-llSFPl>127»125«S£9 
125 »«ITg   C4«126HZ346m»l«IISFPi»lJS«»lltl2l«8tlHt«t»rSS  *lt*X74 

1**ZB•BLNK•Z9•SUNK 
126 FORMAT (6(3XfA69A6)) 

SO TO 128 
127 »RITE <4«12ej<Z:»S<Ii«l»l«!SS«l MZ7«BU«»ZB»8L»e«29«8tMC 
128 »RITE (*»103»!RUN 

RSTURW 
CNO 
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SUSROUTt?«  W»ITE  2 
OIMEHSfON  ÖEHNC20I 

1007  WRtTg   t4«l006>Al!<i »«A! I (S)«A£| (4|«AS| « J|«Att t2) »A^I CU*AI I €3} 
lOOe  F^WÄT   l///IP7e!S#65 
1069  WRITE   (4«1010HA3tfJ»*U«l*ISS«n 
1010   FORMAT   aP8£SS«6* 

OÜ  tO  J«l*t5S 
10        0&f*i< J}«6«0S30e£3«A3t (J}«ASH2>«RHO0F/Ctt»0P 

CALL.   SSVTCHt6«KO00FX) 
SO To «3000« 30011 •KOOCM'X 

3000  WRITE   {4*l010MCmnU«!8!«fSR«U 
300i    1F111SG-11SFP1I   3004 « 300213002 
3002 WtlTE   (4»!010MA4!(J)«   J>«f ISFPl « I tSG« I } 
3003 WRITE   (A.iOtOHCTVJfJI*    ^ 1 ISFP111 ISGc }| 
3004 CALL.   SSWTCH«5«KOOOFXJ 

SO  TOC300S«30tO)tKGOCrX 
3005 WRITE   «3.30CI6JÄIHI )»IRUN 
3006 FORMATC///65<»tPE13«6.9X«A6» 
3007 d        3008 II»I«|SR»I 
3008 WRITE   (3«1010MC0IJC|ItJHJ»!SCPU!SS«l > 
3009 E0F3«1«0 
3010 COUNT»COUNT+I«0 
3011 IFICOUNT-EXTRÄJtln))   3019«301l2«30l2 
3012 WHITE   (4«30!3)|RUN 
3013 F0RWATC12H1 RUN   •£&) 
3014 C01JMT*0#0 
3015 CONTINUE 
3018 CALL   STOP 

YP*JEV   ••   AUCH 
3019 RETURN 

END 

.ip 
SÜ5 

f 
t 

ms 3 
SGfi 4 
S@S- ;i 
SOS « 
mm 7 
9m II 
S©5 9 
m- to 
S03 SI 
m& m 
SOS 13 
$85 14 
»OÄ m 
m$ s« 
S05 IT 
SOS te 
SOS 5» 
S®5 20 
SOS 2i 
SOS 22 
SOS 23 
SOS 24 
SOS 23 
SOS 28 
SOS Z7 
SOS 28 
SOS 29 
SOS 30 
SOS 31 
SOS 32 
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teoo 
!00! 
1002 
!003 
1004 
100S 
1006 
1007 
1008 
1009 
lOtO 
lOU 
1012 
10!3 
101« 
1^13 

1017 
1013 
1019 

SÜW»Of/nNe   «At^lK 
00     1002 L«l*^«{ 
DO     1002 ULal»»«l»t 
C<L«UU)»0*O 
mft 
IFtllSG-IISFPi H00811005»IOCS 
00 1007   J*!!SFPi«!|SO»l 
C(W»;«tt*«)«l,0 

00 1012    J-l.ISC«! 
oo ion       vM^i«r$s#i 
•JJJ1 ■ )' ISG« I ! £F* JJ 

oo lois        j>rscp>i«iss»i 
C(MM«MM)»U0 

jp*m<s~tB0P 
C(MX1 *JP)«iI«0 
C(MX2«NX2)»1«0 
C(MX3«MX3)nUD 
agTURN 
CNO 

$3^1 

t 

S9# t© 
£06 Sl 
SOn'-' f 2 
aofe is 
S06 |4 
s©S IS 

S6* 17 
SO« }« 
So«, 15 
S06 SO 
?©# 21 
%M 22 
SOg 23 
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mjmmmtm mm 

sso© CALL sum 
lÖÖt    fFtmöSl»IHOO3«ie03tXeöt 
I9Q2  CALL  SU3«i 
toes TgMpÄÄirczj 
tOiÖ J&.CTfiÄLO^«TEMPI 
SOfO CT^»CTOP»TgMP 
103« Cf»^  a A2TC3>»C:yOP«CUOP»fJM@Ö® 
16*0 I^flSF» 1200»IgÖO«S050 
lOSö ÖO 1190 J»!«lSF9l 
1060 iFCETAJCJJ-laO» 1iSOt1070«1ItO 
1070 SüJOOT<Jli»-SÄJ{JI-t«S»XLCT+SHJOf JI/TE»»~EECNyJ<J» 
1080 CCPJCJ»aS,s*EECCPJ«JJ 
1090 gf»SJfJ^«0»0 
1100 SHJ(J)«e»5*TEMP+SKJ0<JJ+eeCMJ«JI 
1110 SO TO 1190 
1120   ÄÄ»eXI!MTMKVJlJ)/TCMP| 
1130 ÄÄi««S»<5eO*2»0 » (ETAJIJ»-i©O)  ) 
1140 ÄÄ2« l!TAJ«4J-l,0 
1160 m;JOOTlJI«i-SAJCJS"ÄAl»XLCT*ÄÄ2*ÄLO©(|,0-|«0/AÄl-fSHJO<Jl/TEMP- 

I1Ä© gPSJCJJ«THEVJCJ>/fAA-l,0} 
1170 CCPJ«JJ«ÄÄi*AÄ2»EPSJ<Ji*»2»AA/TCWP««2 ♦BECCPJ«»!} 
ÜBO   SHJtJjsaAlsTeWP+AAasePSJCJSfrSHjlOfJt^EECHJUl 
1190  CONTINUE 
1200   IF   USS-iSGFl)   I360»121©« 1210 
12S0  DO     13S0 J«iS6Pt.!SS«l 
1220   IFCETÄJIJ>«!«0)   t280»1230«1280 
1230   SüJ00T<J}»-SÄJ«Ji-2«5«XLCT+SHJ0<J»/TEX^-SECNUJ<J} 
1240  CCPJ<J)«2*S+eECCPJ<J) 
1250  ePSJ(J)«OdO 
1260  SHJ<J}«g,5«TEMii>-#-SHJ0(JJ*eeCKJ(J> 
1270  00  TO     1380 
1280  ÄA«E>fPttHEVJ<J>/,TEHP| 
1290   AAI«   .a  ♦   CS»0  ^2»0  *   «ETAvJ« J)-l »0)    » 
1300   ÄA2*ETAJ«J)-1«0 
1310 SUJOOTCJj = ~SÄJIJj-ÄAl»5eLCT+AA2»ALO6n.0-l#0>'ÄA)4-SHJdCJ)/T£li«»- 

1 ZZCmJiJ) 
1320  €PSJIJ)»THgVJ(J>   /   (AA"!#Ö> 
1330   CCPJ« J}*AAl+AA2»EPSJ(J)«#£*ÄÄ/TE«»»»«a   +EECCPJCJI} 
1340   SHJJJ}«ÄA1«T£MP  +AA2»EPSJUl   -fSHJO« J J*EECHJ< J S 
13S0   CONTINUE 
1360   IF   ClSG-ISFPl)   1560*1361»ISA' 
136!   CALL  SU8a 
1370   00      IS40 a*   !SFPl«rSG«l 
1380   S8»EXP«THeVJfJ)^TK«4P5 

881«   ETÄ^<J)-1«0 
882«   •3#(5#0+2*0»B@U 

1390  EPSJJIN<J»«T!>CVJ(JJ/Jee-1,0} 
1400   CTVJC JSs«TMEV.J{JI/ALOS(CTMlVJ«J5+A4T<IJ>>/A4T<Jn 
1410 CCPJ?J»«892 +Eecepjcjj 
142©   SUJÖOT(J>s*SAJ«J»-8B2*XLCT+®®l*AL0O('i»O«U0/a8l+SHJ0fJ)/TeMP- 

C-E6 

~&''f- 

m 
mM M 

6 
^97* "f 
;S©7* : * 
mm ■9 

S07Ä to 
SOTA 11 
807* t2 
S@7A 13 
SO?* 14 
SdTA 19 
S07A 16 
§©7A 17 
S07Ä 18 
Sd7Ä 19 
S07A 20 
SOTA 21 
S07A 22 
SÖ7A 23 
S07A 24 
S07Ä 25 
S07A 26 
S07Ä ■27 
S07A 28 
•to?* 29 
S07A 30 
S07Ä 31 
3070 32 
S07A 33 
S07Ä 3« 
S67A 35 
S07Ä 36 
S07Ä 37 
S07A 38 
S07A 39 
S07Ä 4C 
S07A 41 
S07A 42 
S07Ä 43 
S07A 4« 
S07A 48 
307Ä 46 
S07A 47 
S07Ä 48 
S07A 49 
S07A SO 
S07Ä SI 
S07A 32 
S07Ä S3 



146«  3St.A»«JfJ?«   TAUJPfJ»«CU9^«A2rfl l/CL^ 
1470   IPIC»JlJHlS20v!47l «t320 
14Tf   C¥JfJJ*l#o 
I4tf  SO  TO   S5»0 
IMÖ  CVJIJ)   >   «U.OHEXPt-CNlJtJi^CWJfJJ JJ#rE>39iTHeVJ(J)/CYVJ«JH 

i    / < o*j*j**<£*P(cftU(jn-i«d)»(B8»it3n 
S4Ö CONTINUE 
960 CALL SU©4 
3*1   0©     1T90 lt«>l«tSRtt 
STO  WfOl II}»0*0 
SS3  00     iS90 J«t«ISS«l 
S90  0FI0< f I>»DfPlOlin+eeTAIJ<II»J>»SüJOOTCJ) 
©oo ocpicfi»■cxPf-OFionm 

CICHl||«CKPlf II»/e<TCMP*COWl ^»I^TTA' HI)» 
TEMPI»1.0 
IIMtSG-ISFPt)   iÖ70«f650«1690 
00     1660        J-ISTPItlSG«} 
TE«P1aTEi«>l«CVJ{JJ#»tCÄIJCIi«J» 7 

SKFI« II MSKPilNCH)      »TO^I 
SKStfUl   a   SKFIINUU      /  CKHII» 
«XTEMP  *   TEMPI 
TEMPI»1,0 
00     1711        J«1«!SS«I 
ir ci0ETijtii*^ni7eg«i7O3«i7O2 
IPfA3T<Jli>17lG«17|9tl7ie 
tFO»«UIJHl»Jnj702«l7l!»1702 
TEMPI «TEMPI»      «Ä3T«J?/CMW0P»**fBETW(II»J: 
CONTINUE 

GOTO1720 
TEMPI»OaO 

e$m(n)«I»0~(<RHOOP  «A2T(2n*«!eETAIfI|))*T£MP!   ^ 
n 
EMTRAJUI - UPPER BOUND* EXTRAS««5) - LOWER BOUND OF 
IFCCHIITUI» •EOo ©.O) GO TO 1722 
IF (ASS(CHI HI! > »•LT.EXTRAJfSn CHI I f I n«0»0 
60 TO 1726 
IF(A8SCCHi iniUoLT,,   EXTRAJUn   CHnniJ»0«C 
CONTINUE 
TE«P2»0,0 ■ 
IF «CIHll SH732»17^»,|7.3CI 
DO  1731  J»I,ISS»1 
TEMPa«TE#«3.2^(i^TÄI J C11 * JJ4I *0 »»XhJU! J« U • J>»A3T (J) 
TEW»laO»0 
IF (CWH I n}!733» 1733*173* 
IFICDI (in »J7*0« 1740» 1734 
Te»o»l»l»0 
DO  1737  J«l*iSS»l 
IF   IÄ3T(JJ>1736»1739.1730 
IF   (NUIJ(II.jni7369lT37*1736 
TEMPIsTEMPl » «A3T(J)/CM»0P?<t»NU|J(|I.J| 

63 0 
630 
640 
6S8 
660 
670 
680 

1690 
1700 
1T0I 
1702 
1703 
1710 
I7|| 

1719 
1720 

1723 
1726 

1730 
!731 
1732 

1733 
1734 

1739 
i r36 

»OTA 14 
S©7A S3 
S07A S4 
mr* BT 
S07A a« 
SOTA 9$ 
S07A «0 1 

:YVJ«JH-l.öH  S07A 6t B 
S07A 6£ : 
Sd7A 63 
S07Ä «4 
S07Ä 69 
S07A #6 
SÖ7Ä 67 
S07Ä «a 
S07A 69 
507* 70 
S07A 7; 
SOT*  72 
S07A 73 

: Stf7A 74 
SO7A 73 
SÖ7A 76 

\     >     S07A 77 
S07A -n 
S07A 79 
S07A 80 
S07A 81 
SOTfe «t - 
S07A 83 
S07A 84 
SC7Ä 85 
807A 86 js 

(CKl«in#XXTEIiPS07Ä 87 
S07* 38 

CMII          S07A 89 
S07Ä 90 
S07A 91 fS : 

SOTA 92 
S07A 93 
S07A 94 
SOTA 93 
SOTA 96 
S07Ä 97 
S07A 98 
S07A 99 
S07A1tO 
SOTAIOI 
SO7AI02  | 
SOTA103 
SOTA10* 
S07AI0S 
SOTA106 
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1T3"? 

I 
1740 
lt38 
1?39 
179G 
1800 
1810 
1820 

1827 
1828 

1823 

1870 

!S7| 
1872 

97 
98 
1630 
1840 
13S0 
IS60 

IÜ | 

C^NT1NÜE 
Te«^!« t»i nn«Te»Pi«f»^>op»A2T<2w»»i*ii un 

|fiWO^P#A£T<2) I»»2/IA1TI3I»C«I«P> 
TeMP2« Ct^I f 11 »*7eW>2»<RH00ö«A2T«2n»»2 /C«WOP»»2 
DO 1739  J»!SCPl*tSS«l 
CQ1J< lI*J)»XC»BeTAl.JUI»vl»»SKFtUl )»CHn C 1 f »»CTEMPi 
CONTINUE 
00 1820   L«!tMtl 
DO 1820   yL«l«Ml»l 
e(L«LL)" CCL.LL) 
8(MX1»MS)«0*0 
IF(fPOT«NE»0> GC TO 1870 
1RA-1 
60 TO «I82a«l827«1826». NOR 
!FtAlTCl>#GT#RCN0(2>) !RA=lftA-»-l 
EFCAITCI l.G-T.ftENCCl M 1RÄ«!RA+1 
MN»!0OP<IRA)-! 
IF<MNJ 1830«1^30«1823 
00 1829 J«l«MM 
|ii|Nl*<I0OP(IPA)-J-fl 
F«N«>MNl-l 
BtMXl«Ml>»B(MX1«Ml) *A1 <1)+FMN»C0P<IRA«MNt) 
GO TO 96 
00 1871 J»1«N0R 
"F1A1TU Ui-T.TVtJ)» Gu TO 1872 
CONTINUE 
tRA»J 
fFdRA.FQ.l 1   IRA-2 
IF«1RA»GE«N0R)    IRÄ«NOR-l 
B«MX1.Mi »•0eRTCTY«TP»lRA*AlTCl)) 
CMLL   SSWTCHK.ICSWJ 
60 TO l97«ie30>«KSW 
IIHlTECe«985   A1TC1 ) « IRA«S(MX1 «Ml } .DELY 
F0RMAT<4H V «E1Ä«8»6X«5HIRÄ «I4«6X4H0F 
8«MX2«MX4)«   A2TI2)»A2Tn> 
Wl 
|F   (1SG-ISFP1>    1690«I8S0«18S0 
00        '880 JallSFPl «nSG«l 
TEMPi«0«O 
TEMP2«iO«0 
00     186S tI»l*lSR»l 
TEMP3»fCAIJ«Il«J»*CQlJ<II«J)>/ 
TEMPI«TEMPI+TEMP3 
TEMP2»TEMP2*T£»P3»(I»O-CM^I(I IM 

TEMP3»THEVJfa>»(l»C/CVVJ«J)-1«0/TEMP) 
7gMP4««EPSJJN(J)~A4T<J)J/XLÄMJ{J) 
TE*»>S«<TMEVJ<^>/CEXP(TEMP3)-1.0l   -(^NJ(J»*TMEVJ<JM 

1 «EXPCCNJ«J)»TEMP3»-U0)   -   A4T(J)    >   »TEMPI 
TEMP2   •   -(,5»<CMJ<J>-1#0>»TMEVJCJ)    I4T<J))»   TEMP2 
B1NN«MU   «   TEMP4+TEMPB*TEMP2 
NM"NM4S 
00        1940 J»iSCPl.lSS*l 
V»J«II36-I1SF+J 

♦  COICIf»»TEMPI» 

■ E16«8«6X«4H^Y   rEii%,0> 

(   A3T<J}*A2T<2I*A2T<| )»CHIim >> 

S|>7A| 1-Ö 
SS7Ä1t1 

+TEMP2»A3T<J> jSÖ7*ilt 
S§7ASi3 
^07*11* 
S^7AS1S 
S€7A1I8 
Se7Än7 
so^Aiia 
S07A1S9 
SÖ7AltO 
sorAiti 
S074122 
507*123 
S07Ait4 
S0TA12S 
S07ÄI26 
»07*127 

S07A129 
507.4130 
S07AI3I 
S07A13? 
507^133 
S07AI34 
SC7Ä13S 
507Ä1» 
307A137 
S07A13S 
S07AS39 
307AI40 
S07A141 
Sf,7AI42 
S07Ä143 
507A144 
S07A14S 
S07AS4« 
S07A147 
S07At48 
307AE49 
S07AiS0 
S07A181 
S07A1S2 
S07A133 
S07A1S4 
S07A18S 
S07AlSfe 
S07A1S7 
S07ASS8 
S07Äi39 



1910 
1920 
1^30 
%9*1 
19*3 
S960 
1*70 
I «»SO 
1990 
aooö 
2010 
2020 
2030 
2040 
2050 
2060 
2070 
2080 
20^0 
2100 
2101 

2105 
• 10 

SO 

t   /Ä2T?2J««2 

tfpj«3i»oso 
DO     1530 !»=l«!SR»l 

S<JJ«Mt    J«   ?E«'   /   «Ä2T«2i»   ,«i2?nn 
rr^PiaO^O 
00      1970 Jsl.ISS«! 
TEMPI«   TEi*n   +   A3T{Ji*CCPJ«^» 
■fpj^is   TEMP»»   TSCÄL.e 
PC?«X4.«K2|e      TEMPI*AIT«3S   /A2T<aj 
B i MX4 »«X3 i «   - t TEMPI *Ä 1T (3 J»A2T ■!3 » 

a«*tX4fMX4)=   TSCALE   ♦   S27CIS 
t.LL*0 
IFdlSG-ilSFPl )2070»2P«0»2040 

DO     2060     Jii! !SFPJ » 1 IS©*! 

B(MX4»LLL)    s«JT<J»»iEv^-JCJ)-!*0> 

X!SSs    ISS 
DO     2iv)0        J"l«IS3<s* 
KKKal iSG-i kSf+J 
r3«MX4.!<«C»eS-   SMJ(J)-tTj£MPl«&lT«31»«2«A2T«31 

S4MX3*MX4>»A^T«2J/A2T^ ) 
B<M ;3«MX1»«A2T<2?/A2Tt4) 
CALL SSWTCH«3»WSW3) 
|F(NSW3«EQ»is PRINT 2105»ä!TC1)«C^LY 
FORMATJ7H0ÄT V »E!2.8«      5X4H0Y «E18»8) 
CALL 5IMS0L C 8»M»«S) 
CALL SUSS 
PCTURN 
FUß 

J /Ä2T(2> 

SQIMZQ -ÄJ 
587A161 -,: 
SÖ7At«t 

SÖ7Ät«3 
se7**ia* ,.    ,.        :' 
S©7Ä.|63 
$OT4i«i 
S07A1Ä7 
Sö7*|*8 
S07A?^9 
§07*170 
S07^t?t 
SÖ7Ä S 7t 
S07AI73  H 
S07&17« 
S07AITS 
S07AI7& 
S07ftl77 
S^OTA J 78 i         :*t^ 
SÖ7Ä i 79 
SOTAiaO f 
ssiÄuas 
S©7AIS2 
S07A|@3 
S07A?8* 
S07Ä1BS 
SOTAie» 
£?7Äie7 
S07AlftS i 

C-29 



SUOeOUTINC OCR 
PRErERCNTI AL MODEL FOR STBEAW TU8£ 
IriVPREV)eooo iiooo«iooo 

6000 !FUSS-lSFPn    I000«600l »eööi 
6001 WRITE    (4»6007) ilÄM,,. 
6007  F0R«ATf5X»IKNt«U.iMU. nX»2MWE»IIX.4HWE>Cef J0X*4HlfEYE   «tOXeAHWgfEl 

DO 60C4 J»1SFP1»ISG*1 
READ 6002»NTEMP< Jl*UTEMP<J)tWE(JJ**«XEf J>»weYE<JM»EZe*J» 

6002 FORMAT n2»SE14«7) 
WRITE    <4*6006^WTEMP(J>füTEMP<J>»WEU).WEXE«J)*WEYE<JJ.        WE2E4JJ 

6006  '-0RMAT(!6*!P5ei4»7) 
NTEMP{J1«NTEMP(J)♦ ! 
T«?MP2»0,0 
tEMP^*C#0 
KK»   ■   NTEMP(J> 
00  6003  Kt<»l«!<!<P»l 
XKK   «   KK 
EV-"P(KK.J)«'XK:)<-,5)*(WE<J)*<XKK-,S)*(-WEXECJ) + (XS<k   -*5>*(WEVE<J) 

1 +WEZ£{J)*«XKK-#5)nil 
IP$KK-1)   6009»6008«6009 
TEMP20»EVJP<1»J? 
EVJP<fS<»<«J>    ■   evJP(»<K,J)-TEMP20 
TEMP4«EXP(EVJPCKK.JJ/UTEMPkJ)> 
TeMP2»TEMP2+EVJP(KK»J|#TEMP« 
T,AMP3»TEMP3+TEt«3'«» 
<k'BAR(J)««I.587322   #TEMP2)/<TEMP3»CT0P#CR0 \ 
QJMUJ<J)»TEMP"» 
CALL   SUB1 
IF(INOSUMne03«1003«IC02 
CALL   SUe6 
TEMP»A1T<2) 
yt.CT»*LOfifTEMP) 
CTP«CTOP*TEMP 
CPP      a   AST C3)*CÜ0»'*CU0P»RH00P 
IFdSF)   1200.1200^1050 
00   1190   J«1,1SF.1 
IFeETAJ4J)-1.0) 1120*1070.1120 

1070 SUJOOT(J)«-SÄJ(J)-2.S*XLCT+SHJO(J)/TEMP-EECNUJ<J) 
1060 CCPJ<J)«2.5+EECCPJ(J> 

EPSJ<J)»0.0 
SHJ(J)«2»5»TEMP+SHJ0 < J)*EECHJ < J1 
SO TO 1190 
AA«EXP(THEVJ«J)/TEMP) 
AAi-ftS'tS.O'l-ZoO » <ETAJ(J)-1.0)  » 
AA2» ETAJ<J.-1»0 
SUJCOT{J>«-SAJ<J>-"AAl»XLCT+AA2*ALOÖCl.0-1.0/Ä.A)*St,JOIv>}/TEMP- 

| EECNUJCJ) 
1160 »PSJ«J)«TMEVJ<J5/<AA-1«0» 
!!70 CCPvHJ>»AÄl*AA2»EPS-MJ)»»2*AA/TEMP»#2 +EECCPJ<J) 
1160 SMJ(J)»AAl*TEMP+AAa»EPSJ(J)+SHJOIJ»-»EECMJ(JJ 

1190 CONTINUE 
1200 IF nSS-ISOPl) \360.12l0.12i0 
1210 00  1350    Jsl56Pf»ISS.l 

6008 
6009 

6003 

6004 
^000 
1001 
1002 
1003 
1010 
1020 
1030 
1040 
1050 
i060 

1090 
UOO 
1110 
\ 120 
1130 
1140 
11 SO 

Mftm 1 
-: m 2 
ien 3 
firt-tfl? « 
ao?e 8 

, 8 
wm 7 
S07S S 
S07» 9 
S078 to 
S07S tl 
SOTB 12 
S078 13 
SOT» 14 
5078 IS 
S078 16 
S07B !7 
SO" 8 18 
S078 19 
5073 20 
£078 .** 
5078 i* 
5078 23 
5078 24 
5078 29 
5076 26 
5078 27 
5078 28 
5078 29 
5078 30 
5078 31 
5078 32 
SOTS 33 
5078 34 
5078 3S 
5078 36 
5078 37 
5078 38 
5078 39 
5078 40 
5078 41 
S07S 42 
5078 43 
S07Ö 44 
S078 49 
S078 46 
5078 47 
5078 48 
SO 78 49 
5078 90 
5078 51 
5078 92 
5078 93 
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tctc 
ItSQ 
lt40 
ttso 

I27d 
1280 
1290 
1300 
1310 

1 
1320 
1330 
1340 
1390 
1365 
1361 
1370 

f^C8TÄJ«J)»t,oi   ltS0«1230«i2£0 
SUJ0OTIJ>.-SÄJCJ)«2,5»XLC?+SHJ0JJMT£M*ä~e«CRSUJ«J> 
ccpj«j»ii2,s+£eccpjfcj!i 
EPS^If J)«0«0 

SM J (J | •H#S»T!!II«M.SMJ0 { J >*C£CMJ C J1 
SO  TO      I3S0 
AABEXFM fHEVJ(J>/TEMP} 
AA1»   ,5  •   (5.0  +2.0  »   {ErAj(J)-|*0*   1 
AA2«eTAJCJ»-I,0 

SUJOOT (JI .-SA JIJ ) -ÄAI »XLCT+AAt»ALOG ( 1 ,0-1 * 0/AÄI ♦SHJo (J /TEWf*. 
cCCNU J ((J) 

EPSJ(J)«THeVJCJ» / (AA-UOS 
CC*»J(J)«AA1 ♦AA2»ePSJ (J S ♦»2#AA/TEW»»«a   ^EECCPJ C J » 
SHJ(J).AA1#TEWP  ♦AA2#BPSJ(J)   +SMsX>(J>+EECKJCJ) 
CONTINUE 

1390 
1400 
1410 
1420 

1430 
1440 
1460 

I 

6003 

1A7Ö 
1471 
1472 
1520 
1540 
1560 
1561 
1370 
isto 

IF flSG-ISEPl) 1560*1361*1361 
CALL SUS2 
DO  1540     Jm   ISrPltlSGel 
88>£XP(THEVJ(J >/TEMP» 
fiil«  ETAJ(J)~UO 
882«   •S#<5»0*2«0»Bei» 
EPSJtN(J)>7M£VJ(J)/fB8-!«0) 
CTVJ«J>«THEVJ(J)/ALOG<(THev.»f J)+Ä4T<J))/*4T(J)J 
CCPJCJ) 11.882  +EECCPJ(J} 

SÜJ007 (J) —SA J (J)-eS2»XLCT+Be 1 #ALOG(1 *0-1 .0/B8 S ♦SH JO < J >/TEWiP< 
*ECNUJ(J> 

C¥J<J)»T>«VJtJ)#ru0/CTVJCJ)-l#0/TEMe) 

SMJ<J)Bgög#TEMP->Sei»A4T{J|*SHJ0(J)+EEC.IJ<J) 
XLÄMJ5J}i6   TAU<iP<J;«cuOP«A2TII )/CLP 

TPJP(j).uo/(l,0/CCTVJ(J)»CTGP?-UO/CTP-l,0/UTE«P(J) J 
TEMP2«0»0 
TEMP3i»0«0 
TE^«4»0#0 
TE«P5«0a0 
KKP«NTEMP(J} 
00  6005 KIC«l«KKP4i 
TgMP6"CXP*-EVJPitCK*Jl/1PJPC JI ? 
TEW»7*EXPf-EVJP(KK«J| / CTP    ) 
TEMP8-EXPI>EVJP(KK t J}y |CTVJ«JI»CTOP J) 
TS«P2«TEMP2+evJPCi<K« J) »TEMP6 
TCS^aoTEMPS-»-   TEWP6 
TEMP4a   TEMP4   +   TEMP? 
TEMPS«TE*«*»S  ■♦■   TEMPS 
EBAPJ (J J • n ft9d7322»TE«P2 J   /   «TEJ*:J3*C«0»C70P) 
IFtCWJIJ)MS20*1471ftt920 
CVJ(J)a]aO 
SO   TO   1540 

CVJ<JJ«(TEMP4«TE«P3J^(TEMP5#   aj«UJIJ|} 
CONTINUE 
CALL   5UB4 
00      1790 II«lviSP.l 
f^!0{ in«o.o 
00     1590 JBl»!3S*i 

S#7|l 87 
5ft J®   Ss 
SStl'If 

se?s si 
^Hur RB    C^^ 

SQ"^ 63 

SOT« g^ 
SOTS 66 
S67B 67 
S07S 6ft 
SSTl 69 
S078 70 
S078 71 
W&m 72 
S078  73 
SOT® 74 

■8976 7« 
5078 76 
S078 77 
S07B 7S 
S078 79 
S078 80 
SOTS m 
S07S  S2 
SOTe 83 
S07S 84 
SOTS   8S 
SOTS 86 
SOTS  87 
5075 88 
S07B 89 
SQ78 96 
S07B 91 
S078 92 
S078 92 
5076 94 
S078 93 
S078 96 
S07S 97 
S078 98 
S07S 99 
S078100 
S07BI01 
S07B1C2 
S079103 
S078104 
S67SiOS 
S078106 
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11 ■ 9 

I MM 

loan 

i Töe 
1701 
1708 
1703 
1710 
I7lt 

1719 
*7g0 

I 

3 72S 
1726 

1730 
i73i 
1732 

1733 
1734 

173» 
1736 
1737 

i7#0 
1738 
1T39 
1790 
1900 
1S10 
mm 

i 

^i?!!I!!t^ri0nf,+9eT*»J(n,J|#StW0OT«Jj 
css»!,'i:jsexPc-öFiö<iii) 
ULI ! *"C*P! <**>'* « T|rMf»*C0N| |##f BCTAI (I I J j 

SFn^O-lSFPl»    1670fl6S0.1650 
00     1660        J«fSFP!.IS6fl 
TK«Pl«Tff«Pi»cVJ«,;nHMCAIJuuj, 
S«F!un«SKri!N(II)      »TeMPl 
SKBieif)   «   SKFlNd!}      /CKlUli 
XXTEMP   «   TEMP! 
TCWP1«1,0 
00     1711 J«l«ISS«i 
IF   <IBCT!J(l|oni702»1703.1702 
IF CA37(JH 1710» 1719. 1710 
!F?XNU|J<Il,j)}1702«!7!1,}702 

CO^JN^1*      U3T<J)/CMW0P>*#»8CTlJ(IfJ) 
60701720 

7£MP1«0«0 
CMf!(|!,-u0-MBK8OöP  •A27«2 i»»»,^*! n I» »#7EMPl   • 

fFlcm,<?!.7.U^P BOüND,   C>™^}   .    LOWER  BOUND  OF iFccHfmin »CQ. ©•©> so TO 1725 
iFUBsccHimnuur.EXTPAjcsn CHiinn-o^o 
00  TO   1726 

CW?m^HII(l,,ULT#   ^^^^   CHIMin.o.O 
TC«P2«0,0 
IF   tCZim Ml 732, 1732, 1730 
DO      1731      J«!,|SS.i 

TE^o!r2+<eETAijni,j>+,#o,*xNuijfn<j,*A3Tu> 
IF   <C«fin 11)1733, 1733, 1734 
IFICDKII) )1740* 1740, 1734 

CO      1737     J»l,fSS«l 
IF   IA3TfJ>n736,1735,1736 
IF   <NUIJU|,JM,736«1737,1736 

CONT!^^1   *   <A3T<J>/CM»0PJ**NUIJUIW) 

00   1620       L«l,M,l 
00   1920        LL-l,M|,5 
8IL..LL»«  C(L»LL} 
8(MXl%mi}«O«0 
IF{|POT,NC,0»   60  TO   1870 
IPA-I 
60   TO   (1828,1827,1826),   NOR 

wkmtm 

S0?91t3 
sa7®fi# 
8075119 
S879lt# 
S@?8lt7 
SOTS'I« 
8076119 
8078120 
8078123 
807»I«2 
5078123 
8078124 
S07SI2S 

(CKI i | ! )»)CXTgW9S078126 
8078127 
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C«!! S07Si2S 
8078129 
5078130 
S0T8I3I 
S078132 
8078I33 
5078134 
8078I39 
»078136 
5078137 
5^76138 
8078139 
5078140 
5078148 
S0781>2 
8076143 
5076144 
5078148 
807814« 

I)»TEW»1«     5078147 
5078148 
5078149 
5078190 

♦TCMP2»A3TCJ))5078I91 
5078132 
5678113 
5078194 
5078193 
S078S3« 
5078I97 
5078138 
5078»!^ 



la«? 

I8S3 

i mt9 

1870 

SB7i 
1872 

9o 

97 
98 
1830 
1840 
1850 
186P 

1361 

I6S0 
1890 
1900 
1910 
1980 
1930 
1940 
1950 
1960 
1970 
1980 
1990 
2000 
2010 
2020 
2030 
2040 
2030 
gödts 

»*STU »+F*N#COPnHÄtMNl } 

60 TO {872 

JIMÄlTn J«,GT»RENO(2n .'»A«!RA*1 
irf*lTCl JuGT.RtNOn H !RA*tWÄ*i 
«W»!00*»nR*l»! 
tP{»N> l®30«!830»!a23 
DO 1829 J»! »«IN 
MNlnIOOPtfWÄJ-J+J 
FMN»f«NI-l 
S{«Xi.MI1«B««XI»M! I 
GO   TO   96 
DO   1871    J«S«NOR 
!F<*lT(n»LT,TV«J>l 
CONTINUE 
IRAsJ 
fF(IRA*EQ»i)    IRAsf 
IF(!RA«6E«N0i?)    !»A«NOR~l 
BtMXl .«1 )»0FRT<TY»TP>»IRÄ»A1T(I >> 
CALL   SStfTCH«4»KSW» 
GO  TO   (97*1630>*KSW 
WRtTEf6«98t   A1T<1»^!RÄ.B«MX1*M1J »DELV 
FORMATC4H   Y   -E16,8«6X«5HIRA   al4»eX4H0F 
BfMX2»«X4)«   A2TC2)»A2T«n 
NN«! 
IF CISG-1SFP1) 1890»I860»1860 
00   1880    J«llSFPl»IIS6»l 
TEWP1«0.0 
TEMP2«0,0 
DO  1861     !I«1»ISR*1 
TE*P3««CAl JU ! •J»»CO|J< II« J)»/ 
TEMPI »TENP1 -i-TEMPS 
TEMPS «TEl^a+TESSJS»«! ,0-CHl I ( III) 
XT6MP1»(CPSJ!N(J1-A4T(J)>/XLAMJ«J> 
XTe»«>2»<EBARJ«J>-A4T(J)> » TEMPI 
TEMP2« -tGJBAR(J>-A4T{J»>»TEMP2 
8«NN»Mn ■ XTEMP1 + xrEMP2 4- TEMP2 
NN*NN-fi 
DO   1940    JBISCP1<ISS«1 
JJ-iUSG-IISF+J 
TEMPI«0,0 
DO  1930   1"1»ISR«1 
TEMPI» TEMPI -I- CQIjn.J) 
B«%>J»Mi >» TEMPI/ (A2T(2)* A2T<in 
TEMPI«0,0 
00  1970     J«UISS»l 
TEMPI» TEMPI + A3T(J)»CCPJ(J) 
TEMPI» TEMf>i* t SCALE 
8(MX4«MX2>«  TEMPI»Ä1T([3I /A2Tt2) 
a!MX4.MX3J« -'?'~EMPl*AlT{3)#Ä2Tt3) 
B<MX4»MX4}» TSCALE • A2T<n 

IFinSG-IISFPl »2070'2040»2040 
DO  2060  J«nSFPi«IISG»l 

LLL-l.LL+1 
BIMX4»UU> »A3TCJJ»(ET# HJ>-1*0) 

»E!698«6X.4H0V »E}6»8} 

i   A3T(J>*A2T«2)«ÄzTCi »»CHiiCIii> 

> /A2rt2,)**Z 

sSTWi WS 

S07B»66 
S07«t«7 
Mftmtm 

S£?9l7a 
SOTS171 
S876t72 
S07BI73 
S078I74 
SÖ78I7« 
S078t^ 
SOTSi 77 
S0?Bt7« 
SOTS179 
S07r»«» 
S076181 
S07B182 
S078I83 
5078184 
S07S18B 
S076186 
307B1S7 
S076I8S 
S07Si89 
SO78190 
S07B191 
S07BI92 
S078193 
£07619« 
S07B19S 
S07819fe 
S078197 
S07B198 
5078199 
5078200 
S07S201 
S07Ö202 
SO78203 
S078204 
S07B209 
S07S206 
SO79207 
S07B208 
S07B209 
SO78210 
5078211 
5078212 
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fO70  XISS»   ISS 1971103 
«»0 00     «100       J«1«ISS«1 S«?S2|4 

2100 B«»m4«KKK)«   SHJfJ)-(TCMPl»A|T{3J»*a»A2T<3l    »/ÄgTCtl SOT»«» 
flOl   B«MX3*MX4>-A2TC2)/A2Tn ) SOTBtl? 

8(MX3,«X1)«Ä2TC2)/A2T(4) SötSÄI» 
CÄLU   SS»TCH<3«NSW3J SOTSÄI** 
IF(f«W3*eO«l )   PRINT   2105«AlTU)«0eLY SU'fSl^ 

210S  »oflMATCWOAT   V  «C18.8* 5X4MOV   *Et8«8) SOtPlSI 
2110  CALU  SIMSOL   <   B«K.4S> SÖ*?»t«r 
2120  CALL  SUBS S0"ra««3 
2130 RETURN SöT8i24 

END SOTBSliS 
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SUBROUTINE     SUSI 
1000 CALL.  SSirTCMll*K0O0r*) 

so To*iOoi«iö08»«KOoorx 
1001 irCtRSClMO-IO«-1**^»    10Q2»1^2el00e 
1002 WRITE   (2*Jv*!3)A|TCl }«A1T<2} «A1T(3} tASTt t J«Ä2T42I«ÄSTI3 J»Ä2Tf«> 

1      •IRttNimCfNO 
1003 F0RMAT(/////JP7ei5,7*3X«Ä6»IfiJ 

EOF23«l«0 
1005 WRITE   (2»1006HÄ3TfJl»   ^»StfSS*!» 
1006 FORMATCl^BElS«?I 

IFdISG-IfSFPI )   1008f lOOTtlöOT 
1007 WRITE   {2«1006><Ä4TCJ1»J«IISFP1«nSG«l ) 
1008 RETURN 

END 

B 

*m i 
ma i 
mm t 
ms t 
S9i 9 
ms ft 
K-r, to 
sti It 
SOS SI 
SöS 19 
SOS  1- 
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SUfHiSHlTfNK  SUS£ Sfl* s 
£000  30   ISO!         J«ISFP|«tSG»i S69 f 

s^Ti^»« mm § 
EHO So« # 
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SU8«*0UTINg  sue* 
1010 DO      tOS8        II»i«!S»tl 
1011 ircrafflNOC !l)nO|2»lO|g»10J4 
1012 SKF! 1NC11 t «AKFI «11 J»CTP»»eSCFI «11 »«CXP^-C^ I C I i l/CTJ»»«^«?! ft 111 
1013 GO   TO   1016 
iOl«   TEMP1«0,0 
1015 DO        10|6        J»1»ISS*1 
1016 TEMP1»TEM»»1   -»-eeTAI JC I f » J)   #   SUJOOTJJJ 
»017   SKFnNCIIJ«EXP«-TE«Pl-CKF|f III/CTI»«*(^F!{IIt>»*KP,,I(III*CT^»* 

lBKFHII)/CCONl«TEWPJ»*IBCTA|«!n 
lOie   CONTINUE 
1019  «ETUI^N 

END 

3 
mm i 
#i# S 
Stt m 

: ; f 
Sff 0 
sie * 
si© tf 
SSÖ U 
SIÜ IS 
»IÖ 13 

C-37 



summiTiME sires 
1900 CAU.  SSWTCMf i»lsOe0PM» 

so runoBf ti9tai«KQ@$ric 

1002 WRITE   <2*ie03HSUaöOTtJ?.CePJfJ»«CPSJ«J)«SHJ<.ll»ePSJi#i> 

1003 FORMAT   nf>£EI9*7iJ 
1008  WHITE   <i2«10ö'5H^,,!e(in»eKPHII»^*ICICn)*.i>CFII^CIU* 

un»SK&!«in»CK-muun»»i«iSfii«i    i 
JQ09  FORMAT*1P7E1S*7J 
1010   00     1011       ll»lfISR»i 
ion w«iTE (2»iQG3)«caij(fi»ji.j«iscpi»iss»n 
1017 WRITE   «2«S003)CB«->«Mn«   J«l*Rtl) 
1018 RETI^»N 

END 

JUCTVJf^^iSil fc 
Stl « 
sit f 

sttmffi l 
su » 
*iS ie 
l-ii it 
lit St 
mi IS 
ill 14 
sit MI 
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süfUJouTfNe   sum 

BÖOÖ DO  1140   J»i«ISS«t 
1010 iKXX«MSU»W{>J) 
lOtO f71«0«0 
1030 TT1»0»0 
10«Ö TT3»0»0 
tOSv 00  It 10    L«ltIK»X,! 
IÖÄO ^>f««SGJl.<J«U»»CXPf-CeJl.®*J,LJ/AlTftJI 
1070 TT2»T Vt4.XX2 
1080 XXS«XXF»CCJLPCJ»L» 
1090 TT1-TT1+XX1 
UOO XX3«XX1«€EJLP(J*L} 
1110 TT3>t7T3+ XX3 
IIgO EECHJ(J}«TT1/TT2 
1130 CECNUJfJJaÄL0«CTT2/SGJL<J«li ) 
1140 eeCCPJ(J>o  ( TTS»TT3 -TTl»TTn ZtCÄtTtZ» * ttg) ♦♦£ ) 
1130 RETURN 

UME 

iii 

SIS" 

tii 

S8S 
Slt 
Slt 
S!« 
äs« 

sii 
SIS 
stt 

# 

ft 
i 
10 
it 
it 
13 
14 
IS 
14 
IT 
19 
19 
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sueaouTiMc Tfsrt 
50!  IFCIRKfNO-t HO60«tO0OttO6C 
100O tWt    IVST UÖ70»*010«1070 
1010 00   IQSQ        !»l*iSflr«t 
1020 CHIITII I-CHIKT) 

IVST«! 
1030 FF(YPREV-ASTCi Mt040*1060.1040 
i040 CALL WRITF it 

gKTeST»l,E-7»EXT»;4J*9J 
IWäAY^O 

J060 RETURN 
1070 IF'AlT(t)-YPR€V) 1530.I060t1330 
1SS3 DO  1540   I"1,1SR*1 
1540 CHI IT (1 t »CHI Id) 
15"50 00  IS"'©  J« 1.20.1 
1360 A4I(J)=A4T(J} 
1570 A3I(J)«A3TCJS 
1580 00  1600  J-1.3«! 
1590 A2ICJ)«A2T<J) 
1600 A1HJ>«A1T<J) 
1601 A8H4I«A2T(4) 

IFCEXTRAJdO)    eEQ»   0,0)   GO   TO   1620 
IFC iEXTRAJt^J-Al Id))   »GT.   E; TEST>   GO  TO   1621 
EXTRA J19) «EXTRAS 9 >+EXTRA J (10) 
eXTKST*1•E-7»EXTRAJ «9 > 

1620 CALL  WRITE   2 
1621 SFCABSCVSAVE-fliKin   «LE«   EXTEST)   GO  TO   1622 

IFtNOSAY.NE.O}   GO   TO   1674 
1622 NOSAV-0 
1630   ?DELXC»10ELXC4 1 
1640   IFUDELXC-IEXTU i 1670. 1650. 1650 
1650 IFC0eLV-EXTRAJ{15>»163!•1670.1670 
1651 OELY»DELY*EXTRAJ Cl2 J 
1660 IDELXC-O 
1670 CONTINUE 

ir<CXlRAjClO)»EQ»0»)GO TO 1676 
IF(CA1I(1)+DELY-EXTRAJ«9)) «Gg» (-EXTESTl) GO TO 1675 

1676 CONTINUE 
1673 RETURN 
I «574 OELY«OYSAV 

NOSAY-O 
GO TO 1670 

1675 NOSAYol 
YSAVe»AlICU 
OVSAVoDELY 
DELY«EXTRAJC9>-A!|U) 
GO TO 1673 
EWO 

ms 3 
mi 
»13 s 
9*1 i 
Zt3 T 
Si3 i 
SI 3 5 
Si3 te 
SI3 it 
SS3 it 
S>3 13 
sis i* 
S43 IS 
Si3 u 
S13 t? 
S13 tft 
SI 3 It 
f.13 m 
SI3 t! 
513 22 
SI3 23 
Si3 m 
Si3 m 
S13 26 
S13 27 
513 28 
513 99 
St 3 m 
sin 31 
St3 3g 
S13 33 
St3 34 
S13 39 
$13 36 
S13 37 
S13 tm 
St3 39 
S13 40 
SI3 41 
SS3 42 
SI3 43 
SS3 44 
S!3 sQ 
5^3 4# 
S83 47 
SI3 «• 
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^^ 

tote 
JÖ20 

1030 

1040 

I OSO 
I06r, 
1061 
1070 

1071 
1072 
1073 

1074 
1075 
1080 
t o?o 

lost 
1091 
UOO 

1170 

•A3TIJI 
©A«MÄ «I2«9H NedATIVCtE!«««} 

5A*T(JJ 
EPS •f2,9H NS6l7|VEfei6«6) 

sueaourtNE restt 

öo logo j«.i*issti 
fF«Ä3T«Jil lÜQ0»i0^C»|0?0 
tR^l • 1,0 
P«!NT IOIO.AIT«!» =OCL¥*J 
FORWÄ r«2£15.6.l5X»nM 
CONTINUE 
IFCIISG- IfSFPi) looi* 1030*1030 
00 1060 J»!IsrPl.11^6*1 
IF(A4T(J}| lOAOt1060«1060 
EWRt « 1,0 
PRINT 10S0,AlTn)»OELY»J 
FORMAT f 2E15.6fI3X«!!H 
CONTINUE 
IF (AIT «2n    1070« 1070» 1072 
E*R1   «   1.0 
PRINT   i071«ÄlTin«DEL¥   «Ä1T(2} 
FORMAT   {2EiS»C«lSX«20H T   NEC  OR  ZEROtE16«6) 
ir(A2T(4n    1073*1073* I07S 
ERRl«i«e 
PRINT   1074«   Ä1T(1>»0EUY   «A2T<4) 
FORMATf2El3,6«JSX.aOH AREA  NEO  OR   ZERO        *Z16'6) 
IF< IRK    10-1»    1091 «1080« 1091 
IF   C   ABi.(    (AiTt2)-AlIC?H/AU C2))-EXrRAJ{3m09i*l090*1090 
ERR1   «   1.0 
PRINT   1081 «AIT   1 . OELY      «"ITIg) 
F0^MAT(2E15.6..5X"20H T  TEST   FAILED.El&«6) 
I«   ;2RRl>    11VJ«!170*1100 
D£i,Y  s   #3   »  OCLY 
IDtLXC   a   0 
I^AIL   ■   1 
RETURN 
END 

SI* i 
SI« i 
§14 3 
sw « 
S14 9 
SI6 • 
SI« 7 
S14 • 
SI* » 
SI4 It 
SI4 it 
Si« ii 
Si 4 S3 
Si* t* 
S14 ia 
SI4 16 
SI4 
SI4 18 
S14 19 
S14 20 
S14 21 
S14 Ü2 
il« 23 
SI4 2* 
S14 23 
Si4 26 
SI4 27 
SI4 28 
SI4 29 
S14 30 
S14 31 
SI4 32 
SI* 33 
S14 M 
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OIWeMStt«  FSCSItFgtIJ 

OSVF^CFIU)-?Ifi)S/^l«1» 
IfMABSCOeVF)   «GT.   0«S I   GO  TO   iOf 

10      co*<TI^a« 
aeruRN 

lOÄ      IFÄIL»! 
!DCLXC«0 
DtLV«»5»0eLY 
PRINT   l03»AlT(l)tC5ELy«Nt|    »Ofi'VF 

103     rO««AT(2ei5«Sf!3X»IHA»I!*2HTI»!a»gQHI 
SETiS?N 
END 

FAILED   MATH   TEST   -*Elö.eJ 

»II 

g | := 

SIS 
SIS 
its 
St» 
SIS 
SIS 
sis 

I 
1 
3 
i 
s 

i 

9 
10 
II 
12 
13 
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Sift 
4 
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I0OO trt   €Ol*lT-SS.O| IOÖ4? IQOit 1001 
100! CeUNTsOaO 
IOOg   WaiTE    (♦t4C53H*JN 
1003 FOIWAT   (!SHi RUN   tA6) 
1004 RETURN 

EhiD 

117 ■a 1 
11T f 1 
SIT S 
sit 4 
S17 i ) 
S17 S 
SIT ? 
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iSee   IPlÄi I it ?-ySTSPHQlS# 1036* 1930 
I 010   1Fim%r&lk-J I f j-A tl (2 ) H 020« 103Ö« t 930 

1030   IFfISTART*gQ.Ö)     fcSAß   l«ISTOP 
1   FÖ«WIÄT"12) 

ISTA»T*!STä»T+! 

IJRJNT   I063*1R!UN 
jOe3   FöSwÄTCsX«eH     SC^i   «A|»«ltH     CCI^L.&TES» 
1061   COWTINLS 

tF<!STOP»MS»|STÄRTS   00  TO   !S0»<5000> 
END FILg   « 

1040   IF   4EeF3H060.iO«9»S050 
10SÖ  END FILE  3 
1060  CONTINUE 
1064   STOP     4 

END 

SIS 1 
SIB 1 
SIS 2 
mm 4 
üs S 
sis ft 
sit 7 
si« * 
jp.g « 
sia IS 
SI 8 ia 
Sie it 
SIS 13 
SIS 14 
SIB ts 
SJ« ss 
sto 17 
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SUMOUTINC SIMSOt.f£*KK«U.) 
OUSSr^SISN Ä{45t 4S> 

L»l 
m»m-i 
CAIt SSrrCH(3*HSW3> 
!P<NSW39NC.U Go TO tO 
PRINT 3 

3 FORMAT CUHOTME «ATR?X) 
OÖ 4 IP»I«N 

4 PRINT S*(A(!P«JP>9jP»I.Nl) 
5 FORMAT (/I X,8f:t6»8./n7X«7^l 6.8)» 

10 LI-L+! 
IF(L-M)2l*21«50 

■PI K«0 
00 23 I-L.N 
IFCA«I»L)>24f?S»24 

Bm 

SO TO 32 
a«$ CONTINl^ 

C OCTERMtNÄNT« 0 ^NO SOLUTION 
26 PRINT 27. Lf IRUN 
27 F0RMAT<5HlA«I»I2»iaHl « C« NO SO 

DO 65 IP»! *N 
es PRINT S.CAUP«JP»« JP.I.NI) 

|START«ISTART+l 
SO TO ISO» «5000J 

32 IF*<-L)26.40.35 
3S 00 37 J«L*N1 

B«A(K«J) 
A(K«J)«A{L*J) 
A(L.J)«8 

37 CONTINUE 
49 DO 41 J-LI»NJ 
41 A(L«J)<> A<L.J)/A(LtL) 
42 A(L«L)« 1*0 

!F<L-N)43«50«2S 
43 DO 48 I«LI«N 

IF(A(I4L)>44«48.44 
4ä 00 45 J«Ll«Nl 

NO  S0LUTI0N.5X4HRUN  .A6.9H 

45 

50 

55 

58 

AU«J>«   ACI.J)-   A{L.J5»A« I.L) 
CONTINUE 
LoLl 
SO   TO   10 
N««N~j 
IF«N2)5!«61.51 
00   60    12»! ^2 
I«N-I2 
n«»i4.i 
DO  59   J*n «N 
|P{Ä<I»J>»58.59.58 
ACI.NU»   Ad.Nl J-A(l.Jf*A(J.N! J 
CONTINUE 

Si® 
•119 s 
SSV s 
119 . 1 

St« 
319 
S19 7 
SI« 8 
SI9 « 
SI9 10 
SI9 tl 
S19 12 
St9 13 
S!9 14 
St« 19 
SI« 16 
SI9 17 
SI« IB 
SI« 1« 
S19 20 
SI9 21 
SI« 22 

SKIPPED I SI9 23 
SI9 24 
SI? 23 
SI9 ts 
SI9 27 
SI9 m 
SI9 29 
St9 30 
SI9 31 
SI« 32 
SI« 33 
SI9 34 
S!9 35 
SI9 36 
S!9 37 
S19 38 
S19 39 
SI9 40 
SI9 41 
S19 42 
Slv 43 
S!9 44 
SI9 45 
S19 46 
SI9 47 
§19 48 
S)9 4« 
SI9 50 
SI9 SI 
S19 52 
S!9 S3 
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tFff<es3sNe»n so TO m 
PS!MT   fis f Ä f fPäNI I ^ | P=i f Pll 

mm   m' 
Sim   m 
sit   m 
sit   m 

iti   it 
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wvmriüN  DCRT«X*V*I »XDI 
FORSÄRO SRgGORY-WgWtOW FORMULA 
DIWÖillÖW XCi )»Vn MTÄ!3?»T¥<3) 
Il«l-J 

OS »«» i j—Ä»11 ) 
02*x( izj-xm 
IF<ÄSS«0n-ABSfD2H    I »2t3 

£ 00  ♦   J»l«3 

TXCJ>»X(N) 

GO   TO   ? 
DO 5  J»l.a 
N*!ä-l-»-J 
TX(J)»X(N» 

5 TY(JJaY«N) 
TX(3)«XI!»+DI 
TYC3>i»YINTtX*Y«I»TV<3n 
SO   TO   7 

3 00   6  J«2«3 

TX<J)»XCN) 
6 TY«J|aVCN) 

TXCU-XU >-02 
TY<n»V|NTCX.Y«I«TX<n> 

7 F01«TV12>-TYf1) 
F02»TYC3)-TY(2l 
S0«F02-»r01 
H«TX<2J-TXn ) 
H.fXÜ-TXU >)/H 
0CRT»<r01 + e5»<2«*R-U)*SD)/H 
«ETt«N 
END 
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FUMCTIOM  YINTfJUYtltJCIKTI   

ÖI>«HSIÖW  ICill»Yn? 
tiw|-i 

oi-ircit )-vci n/sxf ii I-JHI J) 
D2«?yn)-YSf^H/CJ«tn-X«I2|| 
03««OI-Of IXtXCIl l-KUg) J 
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Ml I 
Atl 1 
111 3 
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fSi 8 
111 « 
Sit 7 
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DIMENSIC»!  l?AJ«20>«SSJ!J!0)»Tt«fVJPCt0|eSHJ0PC2@JtCi»IJft§>fei^J«18l«   »ll * 
5<SP«CJK(fO»*|«XHU!vif»«4O«2ei«ÄNUIJf«O.gOJ*Äl.PW<tOtE0S»^OP'{f§|»          S21 « 
X*K*f|f*OMBKF|(4e}*CKFI(«0).aKriC40»»TÄUÄJl20HTÄ^!JlS©|,tÄUCJltOi«Stt S 
XTÄ^JC20)«CXT?IAJC15J*TMflfJ<20J»SMJOCtO>»SÄJCtö}»BETAIJI4Ö*tSSf           StS t 
XKNUn40j.eCTÄ!(«0)»*U<3)tAi;i <4>tÄ3l IfOltMI fSÖlaAiTC3i«ÄtT«4l.         SSt 8 
XA3T<g0)»A4T(a0i«XIA«<aej      ♦XIA3CgO}      »XIAZUi      •SCAätASHSUaoOTftOSat § 
XUCCPJ.'20),EPSj<gOl«SMJfa6>«EPSJlN{gO).CTVJ(20)«CliJiaÖ>tKLAMJt26S»Slt 10 
XTÄUJF>«20)«CVJCavl«C««S»45l»CQJJt40»tOl«CHn(40»«SK9IC4Q»«SKrilNC«9St2 II 
XHSJSFI C40) »CKI «*OUCK!SH40)fOFlQU0>                                                                                 Sgt lg 

DIMENSION  CHl!TU0}*HSUMJfa0i»SGJLCS0»g5»CEJLP«t0«8j,CWH40S.              §22 13 
XC2H40J»CA?J{40«20!»KFIINOl«0}»   CEJl.PK«26«a) «CO! C4Ö)                                      St8 14 

DIMENSION   AUC«3SI«A2lC«4>tA3lC«20>«A4lC{20?*A!Ti C3)tAgTH«)«                S22 15 
!      Ä3TU20l*A4Tl(20i                                                                                                                              S22 16 

COWWCW   IRUN«ISR«ISS»!SF»ISG»!SC»ICON»INOSü«»lOU«P*DEL¥P«YSTepP,        522 H 
lCPOP»RMOOP«CTOP»SAf«5MAQ»CMO»CUOP*CMWOP»CI.P»EXTaAJ«ETAJ.S8JsTHEVJP»   S22 i® 
2SHJ0P»CNJ.CXEJtTÄUAJ«TAUBj«TAUCJ«TAüOJ»SPECJK»»SU«J»Sav.,L*CEJUPXt      S22 19 
3GJ0P«aiI»C2![»CDI*XNUIJP«XNUI J*CÄJJ»K:FI!N0»ÄKr|»8KFI»CKFl«D>CF!*           Sag 20 
4SP£Cl!<«Al.PlJ*CCPJ»eECCPJ»EECHJ«EECr4ÜJ*gPSj»SHJ«SUJ0OT«THEVj«CTV^»   S2t 21 
SCVJtCWJ«EPSJIN«TAUJPtXLAMj*8ET*S*BETÄIJ«CKI.CKPl«CÖIJ9DFiC*ieETai.S22 22 
ftfSBTl.f.lCÄ!J-.NUItNüIJfNU!JP,S<Bi*SKFI«SKFl!N.X««IU!,CHlI,CHl!T«              522 23 
7AN*ÄNFN»BN»3NFN*2*C0^R5CK05tCM00*HtWü»&LPHÄ»eETÄ«CQNI«CSvK P«CPO*      S22 24 
aSAJ«SHJ0iiTSCÄLE«XA«E0F2.E0F3*IEXTl ! «XB.XC»VSTOPt 51 SF» IISG« ISCPt »      S22 2S 
9nSFPl«lSFpUlSGPl«M»Ml «MX»MXl»MX2«^>C3tMX4«WXS                                                     522 26 

COMMON  COUNT«CPP.CTP«TEMP«XL.CT»YPREV»TRATro»DELVi!DELXC.IFAI5.«           S22 27 
UmaN0«B»C*AU*A2l,A31»A4i,ÄlT.A2T»Ä3T.A4T«XlA2»X|Ä3»X|A4                        S22 28 
C0»WON  CA0P»ISC^«N0^«i!00P{3UReND{3>.RESTC3l»C0P<3«a5)«|¥ST»                S22 29 

i!SOtlSTAPT»IPOT*TY{IO0>»TPU00)                                                                                              S22 50 
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